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 Introduction
In the RAN1 #104 e-meeting in February 2021, 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. In this contribution, the remaining issues are further discussed.
Agreement:
· For NR operation in 52.6-71GHz with new SCSs, new parameter values for at least the following timing parameters are needed:
· timeDurationForQCL
· beamSwitchTiming
· beamReportTiming
· Companies are encouraged to provide preferred values on timeDurationForQCL, beamSwitchTiming and beamReportTiming

Agreement:
Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed.
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

[bookmark: _Hlk63407815]Agreement:
· Further study new parameter values for at least the following parameters:
· maxNumberRxTxBeamSwitchDL
· 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
· Study whether/how to introduce a beam switching gap between signals/channels 
· FFS: condition to apply including potential UE capability definition
· Study should account for inputs from RAN4

Agreement:
Further study the following: 
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 
· Note: If the current Rel-16 behavior would be extended to multiple-PDSCH scheduling, it could result in a different QCL assumption for each PDSCH due to the fact the that the CORESET with the lowest ID can be different for different slots, resulting in a potentially different TCI state for each slot
· Note: Applicability to multi-TRP can be discussed further

Agreement:
Further study the following:
· For multi-PDSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate TCI state for each scheduled PDSCH
· For multi-PUSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH
· Note: the study should take into account DCI overhead aspects
· Note: Applicability to multi-TRP can be discussed further
 Discussion on beam management
2.1 	Timing associated with beam-based operation
2.1.1 timeDurationForQCL
Since PDCCH contains the indication information about PDSCH transmission beam, there should be a certain time interval between PDCCH and subsequent PDSCH, which is used for decoding PDCCH and switching from the transmission/reception beam of PDCCH to the transmission/reception beam of PDSCH. In the time interval, the time of beam switching is short (up to 100 ns), which is generally less than the length of CP (SCS 480/960 kHz may need to be reconsidered). Thus the time of beam switching can be ignored. But the decoding of PDCCH needs a certain amount of time, which depends on the UE capability. Therefore, if the time interval between PDCCH and PDSCH is too small, the UE cannot successfully decode PDCCH and obtain the indication information of receiving the PDSCH. In this case, the UE will determine the TCI state or the QCL assumption for the PDSCH in other ways instead of relying on the indication information in PDCCH.
For the above time interval, TS 38.306 defines a UE capability by parameter timeDurationForQCL. Depending on comparison between the sizes of timeDurationForQCL UE reports and the actual time interval between PDCCH and PDSCH, UE determines how to apply spatial QCL information of PDSCH. For both SCS 60 kHz and SCS 120 kHz in FR2, the maximum value of timeDurationForQCL is 28 symbols.
TS 38.306
	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.



TS 38.331
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    timeDurationForQCL              SEQUENCE {
        scs-60kHz                   ENUMERATED {s7, s14, s28}               OPTIONAL,
        scs-120kHz                  ENUMERATED {s14, s28}                   OPTIONAL
}        
For Rel-17 NR operation in 52.6 ~ 71 GHz, the above definition of timeDurationForQCL defined in TS 38.306 can be reused. For the newly introduced SCSs 480 kHz and 960 kHz, the length of the slot/symbol becomes more shorter and thus new values for timeDurationForQCL should be provided. We think timeDurationForQCL with SCSs 480 kHz and 960 kHz can adopt same absolute times as the existing SCS 120 kHz. That is, timeDurationForQCL can use scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as shown in Table 2.1.1-1.
Table 2.1.1-1: Proposed value of timeDurationForQCL
	Subcarrier spacing
	Proposed value of timeDurationForQCL
(symbols)

	120 kHz
	14, 28

	480 kHz
	56, 112

	960 kHz
	112, 224



Proposal 1: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of timeDurationForQCL defined in TS 38.306 and adopt scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of timeDurationForQCL
(symbols)

	120 kHz
	14, 28

	480 kHz
	56, 112

	960 kHz
	112, 224


2.1.2 beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16
In addition to timeDurationForQCL, there are some other timing-related UE capabilities associated with beam-based operation defined in TS 38.306, namely beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16. The definition and value of these UE capabilities are given below. 
TS 38.306
	beamReportTiming
Indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.

	beamSwitchTiming
Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the last symbol containing the indication to the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.

	beamSwitchTiming-r16
Indicates the minimum number of required OFDM symbols (sym224, sym336) between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition 'ON'.



TS 38.331
beamSwitchTiming           SEQUENCE {
        scs-60kHz          ENUMERATED {sym14, sym28, sym48, sym224, sym336}          OPTIONAL,
        scs-120kHz         ENUMERATED {sym14, sym28, sym48, sym224, sym336}          OPTIONAL
}  
beamSwitchTiming-r16       SEQUENCE {
        scs-60kHz-r16      ENUMERATED {sym224, sym336}                    OPTIONAL,
        scs-120kHz-r16     ENUMERATED {sym224, sym336}                    OPTIONAL
    }     
beamReportTiming           SEQUENCE {
        scs-15kHz          ENUMERATED {sym2, sym4, sym8}                    OPTIONAL,
        scs-30kHz          ENUMERATED {sym4, sym8, sym14, sym28}            OPTIONAL,
        scs-60kHz          ENUMERATED {sym8, sym14, sym28}                  OPTIONAL,
        scs-120kHz         ENUMERATED {sym14, sym28, sym56}                 OPTIONAL
} 
For Rel-17 NR operation in 52.6 ~ 71 GHz, the above definition of beamReportTiming and beamSwitchTiming defined in TS 38.306 can be reused. For the newly introduced SCSs 480 kHz and 960 kHz, the length of slots/symbols becomes more shorter and thus new values for above three parameters should be provided. 
We think beamReportTiming with  SCSs 480 kHz and 960 kHz can adopt same absolute times as the existing SCS 120 kHz can be considered. That is, beamReportTiming can use scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as shown in Table 2.1.2-1. For beamSwitchTiming, similar design principles can be used to determined new values as shown in Table 2.1.2-2.
Table 2.1.2-1: Proposed value of beamReportTiming
	Subcarrier spacing
	Proposed value of beamReportTiming 
(symbols)

	120 kHz
	14, 28, 56

	480 kHz
	56, 112, 224

	960 kHz
	112, 224, 448



Table 2.1.2-2: Proposed value of beamSwitchTiming
	Subcarrier spacing
	Proposed value of beamSwitchTiming
(symbols)

	120 kHz
	14, 28, 48, 224, 336

	480 kHz
	56, 112, 192, 896, [1344]

	960 kHz
	56, 112, 192, 896, [1344]



Proposal 2: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of beamReportTiming defined in TS 38.306 and adopt scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of beamReportTiming 
(symbols)

	120 kHz
	14, 28, 56

	480 kHz
	56, 112, 224

	960 kHz
	112, 224, 448


Proposal 3: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of beamSwitchTiming defined in TS 38.306 and adopt scaled values of reference SCS 60/120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of beamSwitchTiming
(symbols)

	120 kHz
	14, 28, 48, 224, 336

	480 kHz
	56, 112, 192, 896, [1344]

	960 kHz
	56, 112, 192, 896, [1344]


2.1.3 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. For the newly introduced SCSs 480 kHz and 960 kHz, the length of a slot/symbol becomes more shorter and thus values for timeDurationForQCL should be re-considered. Considering shorter absolute time of a slot/symbol with SCSs 480/960 kHz, the maximum one or two of Tx and Rx beam changes UE can perform within a slot could be allowed as shown in Table 2.1.3-1.
Table 2.1.3-1: Proposed value of maxNumberRxTxBeamSwitchDL
	Subcarrier spacing
	Proposed value of maxNumberRxTxBeamSwitchDL

	120 kHz
	4, 7, 14

	480 kHz
	[1], 2, 4, 7, 14

	960 kHz
	[1], 2, 4, 7, 14


Proposal 4: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of maxNumberRxTxBeamSwitchDL defined in TS 38.306 and allow the maximum number of Tx and Rx beam changes UE can perform within a slot equals to one or two in addition to [4, 7, 14] for SCSs 480/960 kHz.
	Subcarrier spacing
	Proposed value of maxNumberRxTxBeamSwitchDL

	120 kHz
	4, 7, 14

	480 kHz
	[1], 2, 4, 7, 14

	960 kHz
	[1], 2, 4, 7, 14


2.1.4 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 2.1.4-1.
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 2.1.4-1: Proposed value of Additional beam switching timing delay d
	µPDCCH
	d [PDCCH symbols]

	3
	28

	5
	56


Proposal 5: 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


2.1.5 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.
Rel-17 WID on NR operation in 52.6 GHz to 71 GHz has agreed that supporting new SCSs 480 kHz and 960 kHz for data and control channels and reference signals. For SSB and other initial access channels/signals, 480 kHz and 960 kHz may also be used as discussed in A.I. 8.2.1. Table 2.1.5-1 shows the lengths of CP with four SCSs = 120/240/480/960 kHz respectively. As shown in Table 2.1.5-1, we can see at least for SCSs = 120/240 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 maximum time of 100 ns.
Table 2.1.5-1: the lengths of CP based on four candidate SCSs
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)

	3
	120
	125
	8333 ns
	586 ns
	1107 ns

	4
	240
	62.5
	4167 ns
	293 ns
	814 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns


Although in the TP R4-2103260 to TR 38.808 approved in the RAN4 #98-e meeting, RAN4 thinks both CPs of SCS 480 kHz and 960 kHz are feasible for beam switching, but their analysis may be only from beam switching point of view. We don't know if they take other factors into account, such as delay spread and time errors. RAN1 can continue to wait for RAN4 reply to RAN1 LS R1-2102202.
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.
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
Multi-PDSCH/PUSCH scheduling can release the PDCCH monitoring burden, therefore it can be used for the case where slot-group level PDCCH monitoring occasions are configured. In Rel-16 NR-U, multiple PUSCH scheduling has been specified. With it a single DCI can schedule multiple consecutive PUSCH transmissions. This scheme can be reused for NR operation above 52.6GHz and each UE can be scheduled with multiple PDSCHs/PUSCHs in the consecutive slots. Multiple PDSCHs/PUSCHs scheduled by a single DCI is being discussed in agenda item 8.2.5 except beam related issues. That is, for beam based PDSCH/PUSCH transmission, how to indicate the transmission beam for each scheduled PDSCHs/PUSCHs should be considered in this item.
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 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 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. For multi-TRP scenario, TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states can be used for QCL assumptions of all PDSCHs. 
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. For Case D, the mechanism of QCL assumption acquisition for PDSCHs is similar to the scheduled PDSCHs with the scheduling offset equal to or greater than the threshold timeDurationForQCL. That is, the same TCI state(s) indicated in the DCI can be used for all the PDSCHs.
Proposal 6: For all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL, same default QCL assumption(s) can be adopted.
Proposal 7: For all PDSCHs scheduled by a single DCI with the scheduling offset equal to or greater than the threshold timeDurationForQCL, same QCL assumption(s) can be adopted.
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 8: 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 NR operation in 52.6 ~ 71 GHz, it can reuse the definition of timeDurationForQCL defined in TS 38.306 and adopt scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of timeDurationForQCL
(symbols)

	120 kHz
	14, 28

	480 kHz
	56, 112

	960 kHz
	112, 224


Proposal 2: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of beamReportTiming defined in TS 38.306 and adopt scaled values of reference SCS 120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of beamReportTiming 
(symbols)

	120 kHz
	14, 28, 56

	480 kHz
	56, 112, 224

	960 kHz
	112, 224, 448


Proposal 3: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of beamSwitchTiming defined in TS 38.306 and adopt scaled values of reference SCS 60/120 kHz for new SCSs 480/960 kHz as follows.
	Subcarrier spacing
	Proposed value of beamSwitchTiming
(symbols)

	120 kHz
	14, 28, 48, 224, 336

	480 kHz
	56, 112, 192, 896, [1344]

	960 kHz
	56, 112, 192, 896, [1344]


Proposal 4: For NR operation in 52.6 ~ 71 GHz, it can reuse the definition of maxNumberRxTxBeamSwitchDL defined in TS 38.306 and allow the maximum number of Tx and Rx beam changes UE can perform within a slot equals to one or two in addition to [4, 7, 14] for SCSs 480/960 kHz.
	Subcarrier spacing
	Proposed value of maxNumberRxTxBeamSwitchDL

	120 kHz
	4, 7, 14

	480 kHz
	[1], 2, 4, 7, 14

	960 kHz
	[1], 2, 4, 7, 14



Proposal 5: 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 6: For all PDSCHs scheduled by a single DCI with scheduling offsets less than the threshold timeDurationForQCL, same default QCL assumption(s) can be adopted.
Proposal 7: For all PDSCHs scheduled by a single DCI with the scheduling offset equal to or greater than the threshold timeDurationForQCL, same QCL assumption(s) can be adopted.
Proposal 8: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
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