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 Introduction
In the RAN1 #104bis [1] and #106 [2] e-meetings, the following agreements related to beam management were reached. In this contribution, we give our views on beam management aspects for NR between 52.6 GHz ~ 71 GHz, including timing related and LBT impacts.
Agreement:
For timeDurationForQCL, beamSwitchTiming and beamReportTiming,
· Following candidate values of FR2 are reused for 120 kHz:
· timeDurationForQCL: 14 and 28 symbols
· beamSwitchTiming: 14, 28, 48, 224 and 336 symbols
· beamReportTiming: 14, 28 and 56 symbols
· For 480 kHz
· Support at least the candidate values for 120 kHz scaled by 4x
· FFS: Support for additional candidate value(s)
· For 960 kHz
· Support at least the candidate values for 120 kHz scaled by 8x
· FFS: Support for additional candidate values(s)
· FFS: UE capability signaling details
· Note: The scaled values 224 and 336 symbols for beamSwitchTiming are used as in Rel-16 (defined in Rel-15 with updates in Rel-16).

Agreement:
For multiple PDSCHs/PUSCHs scheduled by a single DCI, at least for single TRP, support indication of only a single TCI state/SRI in DCI
· FFS: number of TCI states/SRIs in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP

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
[bookmark: _Hlk80957802]
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

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

 Discussion on beam management
2.1 	Timing associated with beam-based operation
2.1.1 maxNumberRxTxBeamSwitchDL
In TS 38.306, the parameter maxNumberRxTxBeamSwitchDL defines the number of Tx and Rx beam changes UE can perform on this band within a slot. UE shall report one value per each subcarrier spacing supported by the UE. For SCSs 15/30/60/120/240 kHz, the value of maxNumberRxTxBeamSwitchDL can be set as one of {4, 7, 14}.
For Rel-17 NR operation in 52.6 ~ 71 GHz, the above definition of maxNumberRxTxBeamSwitchDL defined in TS 38.306 can be reused. 120 kHz SCS can reuse the value {4,7,14} as specified in Rel-15 NR. For 480 kHz SCS, RAN1 has agreed that the value of maxNumberRxTxBeamSwitchDL can be equal to {2,4,7}. For 960 kHz SCS, in addition to the agreed candidate value 2, RAN1 has given two alternatives of additional candidate values:
· 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
There is no sufficient justification to demonstrate that UE cannot support value 1 and 7. Further, from the perspective of flexibility and comprehensiveness of supporting UE capabilities, we prefer Alt-1, i.e. support 1, 2, 4 and 7 as candidate values for 960 kHz.
Proposal 1: For FR2-2, the values of maxNumberRxTxBeamSwitchDL in Alt-1 are preferred for 960 kHz SCS.
· Alt-1: Support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2
2.1.2 timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
For timeDurationForQCL, beamSwitchTiming and beamReportTiming with 480 kHz and 960 kHz SCS, RAN1 has agreed that supporting at least the candidate values for 120 kHz scaled by 4x and 8x. Further reduction of the candidate values will affect the ability of UE to obtain QCL and perform beam switching. Thus we think it is unnecessary to support additional candidate values.
Proposal 2: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Alt-1 is preferred.
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
2.1.3 Additional beam switching time delay d for triggering AP-CSI-RS
In case where the triggering PDCCH and the triggered AP-CSI-RS have different numerologies, additional delay d is applied when µPDCCH < µCSIRS, where the value of d is defined as Table 5.2.1.5.1a-1 in Rel-15/16 NR. With additional delay d, the total beam switch threshold for AP-CSI-RS equals to beamSwitchTiming + d . Therefore, additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS should be defined as shown in Table 2.1.3-1.
TS 38.214 Table 5.2.1.5.1a-1: Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14


Table 2.1.3-1: Proposed value of Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	3
	28

	5
	56


Proposal 3: The following values can be considered for additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120/480kHz has a smaller SCS than AP-CSI-RS.
	µPDCCH
	d [PDCCH symbols]

	3
	28

	5
	56


2.1.4 Beam switching gap
In Rel-15, RAN4 made impact analysis of the beam switching and agreed that “the worst-case beam switching time is hence based on the analogue implementation and is estimated as < 100 ns.”. That is to say 100 ns is the largest time for beam switching according to RAN4’s understanding.
In addition to 120 kHz SCS, Rel-17 NR operation in 52.6 GHz to 71 GHz also supports new SCSs 480 kHz and 960 kHz for data and control channels and reference signals. Table 2.1.4-1 shows the lengths of CP with SCSs = 120/480/960 kHz respectively. As shown in Table 2.1.4-1, we can see at least for SCSs = 120 kHz, NCP lengths can cover delay spread, time errors as well as beam switching time. However, for SCSs = 480/960 kHz, larger SCSs reduces the budget for timing errors and beam switching, and thus it is difficult to ensure that beam switching can be done within the lengths of NCP, if beam switching needs a long time.
Table 2.1.4-1: the lengths of CP with each SCS supported in above 52.6GHz
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)

	3
	120
	125
	8333 ns
	586 ns
	1107 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns


In the reply LS R1-2106425[3] from RAN4 to RAN1, for gNB beam switch time (beam direction switch only), RAN4 tentatively agrees [59 ns] with the understanding that the value can be confirmed once open issues related to BS output power are resolved. But for UE beam switch time (beam direction switch only), RAN4 has not decided yet and will further study. However, even if the lengths of CP with new SCSs 480/960 kHz are not enough for beam switching, the existing NR specifications have enough flexibility to support beam switching for non-SSB channels/signals transmission. For non-SSB channels/signals transmission cases, gNB can reserve a separate guard time (one or more full symbols) for beam switching by configuration implementation. Beam switching time will only affect the design of SSB pattern as SSB pattern cannot be changed based on the gNB scheduler decision, but that belongs to the scope of A.I. 8.1.1. The approved SSB pattern for 480/960 kHz has already taken this into account.
Observation 1: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCSs 480 kHz and 960 kHz, even if the lengths of CP are not enough for beam switching.
2.2 Beams for multiple-PDSCHs/PUSCHs scheduled by a single DCI
In Rel-15/16, UE provided capability timeDurationForQCL defines the required scheduling offset, i.e. time between the scheduling DCI and scheduled PDSCH, that the UE applies TCI state provided in DCI or TCI state of the scheduling PDCCH (if no TCI field in DCI) for the PDSCH reception. Otherwise the UE applies default PDSCH beam which is defined (in single TRP scenario) as follows:
“Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.”
In Rel-16 multi-TRP scenario with single DCI scheduling, the UE applies default PDSCH beams as follows:
[bookmark: _Hlk55126218]“If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. ”
For multiple PDSCHs/PUSCHs scheduled by a single DCI, according to the scheduling offsets between the scheduling PDCCH and each scheduled PDSCH, we think the QCL assumption(s) the UE should apply for each PDSCH for at least the following four cases should be considered, as illustrated in Figure 1.
· Case A: When all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, and the CORESET with the lowest ID is the same for different PDSCH slots
· Case B: When all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, and the CORESET with the lowest ID is different for different slots
· Case C: When some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL
· Case D: When all of the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL
[image: ]
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Figure 1: The relationship between the scheduling PDCCH and the scheduled multi-PDSCHs
For the single TRP case, according to the size of PDSCH scheduling offset, RAN1 in RAN1#106-e has divided multi-PDSCHs scheduled by a single DCI into two cases:
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
Case 1 in the agreement is the same as above Case D. Case 2 can be further divided into three sub-cases, i.e. Case A, Case B and Case C  as shown in Figure 1.
For Case D (i.e. Case 1 in the agreement), if all PDSCHs scheduled by a single DCI with the scheduling offset equal to or greater than the threshold timeDurationForQCL, same QCL assumption can be adopted for all scheduled PDSCHs. If tci-PresentInDCI is enabled and the DCI format has TCI field present, single QCL assumption based on the indicated single TCI state is applied for all scheduled PDSCHs. Otherwise, QCL assumption of the single DCI that schedules multi-PDSCHs is applied for all scheduled PDSCHs. Above is already agreed in RAN1#106-e.
For Case A and Case B, considering the overhead of switching, UE complexity, and standardization complexity, we think all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL can use a same QCL assumption.  In other words, the second PDSCH and the subsequent PDSCHs can use a same default QCL assumption as the first PDSCH. For single TRP scenario, all PDSCHs use the QCL assumption from CORESET with lowest ID in the latest slot before the first PDSCH transmission. 
Proposal 4: If all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL, same default QCL assumption(s) can be adopted.
· All scheduled PDSCHs follows a same default QCL assumption as the first PDSCH
For Case C, for the scheduled PDSCHs with scheduling offsets less than the threshold timeDurationForQCL, the similar mechanism of QCL assumption acquisition as in Case A/B can be adopted. For the scheduled PDSCHs with the scheduling offset equal to or greater than the threshold timeDurationForQCL, the same TCI state(s) indicated in the DCI can be used for all the PDSCHs. If the PDSCHs are scheduled by a DCI format not having the TCI field present, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption applied for the PDCCH transmission. 
Proposal 5: If some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption, as given in Proposal 4
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
When some of scheduled PDSCHs are collided with semi-static UL symbols, these PDSCHs can be skipped when determining the scheduling offset from the scheduled PDSCH to the scheduling PDCCH. In addition, a first non-collided PDSCH can be used as the first PDSCH to derive default QCL assumption.
Proposal 6: When some of PDSCHs are collided with semi-static UL symbols, the following can be considered:
· These PDSCHs can be skipped when determining the scheduling offset from the scheduled PDSCH to the scheduling PDCCH
· The first PDSCH for deriving default QCL assumption should be a first non-collided PDSCH
For multi-PDSCH scheduling for multi-TRPs, RAN1 has agreed to support a single TCI field in DCI as in Rel-16 TCI state indication mechanism for multi-TRPs. For S-DCI based multi-TRP mechanism, the single TCI field indicates one or two TCI states associated with a code point. For M-DCI based multi-TRP mechanism, the single TCI field indicates only one TCI state associated with a code point. In fact, regardless of S-DCI or multi-DCI based mechanism, multi-PDSCH scheduling can be transparent to multi-TRP. For multi-PDSCH scheduling with M-DCI based mechanism, each TRP in multi-TRP can adopt the same method of QCL acquisition as for single-TRP. For multi-PDSCH scheduling with S-DCI based mechanism, the same method of QCL acquisition as for single-TRP can also be applied. For example, the same QCL assumptions indicated by the TCI field in DCI ( if tci-PresentInDCI is enabled) can be applied to all scheduled PDSCHs if scheduling offsets of these PDSCHs are equal to or greater than timeDurationForQCL.
Proposal 7: For multi-PDSCH scheduling with M-DCI based mechanism, each TRP in multi-TRP can adopt the same method of QCL acquisition as for single-TRP.
Proposal 8: For multi-PDSCH scheduling with S-DCI based mechanism, the same method of QCL acquisition as for single-TRP can be applied, including:
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
2.3 Beam Failure Detection in unlicensed band
In licensed band, the related operation on beam failure indication had been introduced in Rel-15/16 NR, e.g., periodically resources, evaluation period, periodicity, triggering condition for beam failure detection. More specifically, when the radio link quality for all corresponding resource configurations in the set [image: ]that the UE uses to assess the radio link quality is worse than the threshold Qout_LR, then the UE provides an beam failure indication from the physical layer to higher layers with a periodicity.
If beam failure detection mechanism specified in licensed band is considered to be used in unlicensed band, then it may not reflect the real beam status due to uncertainly RS transmission under the influence of LBT and COT. For example, if LBT is failed, then gNB cannot transmit RS used for beam failure detection to UE. Otherwise, if LBT is performed successfully, then gNB can send RS to UE within COT. Besides, due to the limited number of RS configured to UE for beam failure detection and COT length, once LBT failure occurred, then the number of RS configured for beam failure detection may be insufficient for evaluating the quality of the beams. Based on this, the procedure of beam failure detection may need to be enhanced under impact of LBT and limitation of COT length. 
Proposal 9: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
 Conclusion
In this contribution, we discuss beam management enhancements for NR above 52.6 GHz band operation and have the following observations and proposals.
Observation 1: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCSs 480 kHz and 960 kHz, even if the lengths of CP are not enough for beam switching.
Proposal 1: For FR2-2, the values of maxNumberRxTxBeamSwitchDL in Alt-1 are preferred for 960 kHz SCS .
· Alt-1: Support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2
Proposal 2: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Alt-1 is preferred.
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
Proposal 3: The following values can be considered for additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120/480kHz has a smaller SCS than AP-CSI-RS.
	µPDCCH
	d [PDCCH symbols]

	3
	28

	5
	56


Proposal 4: If all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL, same default QCL assumption(s) can be adopted.
· All scheduled PDSCHs follows a same default QCL assumption as the first PDSCH
Proposal 5: If some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption, as given in Proposal 4
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
Proposal 6: When some of PDSCHs are collided with semi-static UL symbols, the following can be considered:
· These PDSCHs can be skipped when determining the scheduling offset from the scheduled PDSCH to the scheduling PDCCH
· The first PDSCH for deriving default QCL assumption should be a first non-collided PDSCH
Proposal 7: For multi-PDSCH scheduling with M-DCI based mechanism, each TRP in multi-TRP can adopt the same method of QCL acquisition as for single-TRP.
Proposal 8: For multi-PDSCH scheduling with S-DCI based mechanism, the same method of QCL acquisition as for single-TRP can be applied, including:
· All PDSCH(s) that has scheduling offset less than timeDurationForQCL follows a same default QCL assumption
· All PDSCH(s) that has scheduling offset equal to or greater than timeDurationForQCL follows a same QCL assumption
Proposal 9: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
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