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 Introduction
According to the outcome of the study item on supporting NR above 52.6 GHz [1], at 3GPP RAN #90 plenary e-meeting in December 2020, an update WID RP-202925 [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. In the WID, some objectives related to beam management were given and are excerpted as follows. In this contribution, we give our views on beam management for NR between 52.6 GHz ~ 71 GHz, including timing related and LBT impacts.
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
 Discussion on beam management
As Rel-17 FeMIMO is still under discussion, there are many issues that have not yet come to conclusions. As a contrast, Rel-15/16 NR have been frozen and the versions are relatively stable, thus we suggest using beam management in Rel-15/16 NR as a basis for NR operation above 52.6 GHz. If some issues on beam management related to Rel-17 FeMIMO are discussed in the topic of NR above 52.6 GHz, two work items can share and/or confirm them at that time.
Proposal 1:  Beam management in Rel-15/16 NR could be used as the basis for specifying NR operation above 52.6 GHz.
2.1 	Timing associated with beam-based operation
2.1.1 Time for applying a new beam
In Rel-15/16 NR, after 28 symbols from a last symbol of a first reception PDCCH used for BFR response, UE can use the new beam to transmit UL channels and signals. For new supported SCS i.e. 480 kHz / 960 kHz in Rel-17 NR above 52.6 GHz, the length of a symbol becomes more shorter. 28 symbol may not be enough for UE to decode PDCCH and use the new beam. The time for applying a new beam after receiving PDCCH with BFR response may need to be re-considered.
Proposal 2:  The time for applying a new beam after receiving PDCCH with BFR response for the new supported SCS 480 kHz / 960 kHz may need to be re-considered.
2.1.2 Periodicity for beam failure indication
According to TS 38.213, in non-DRX mode operation, the physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity among the periodic CSI-RS configurations, and/or SS/PBCH blocks on the PCell or the PSCell, in the set [image: ] that the UE uses to assess the radio link quality and 2 msec. That means the shortest periodicity for the physical layer to inform whether beam failure occurs is 2 msec. However, in frequency band 52.6 GHz ~ 71 GHz, more beams and narrower beams will be deployed, which makes beam blocking phenomenon appears more frequently. Accordingly, beam failure will occur more frequently compared with in FR2 band. Thus for the notification of beam failure detection, 2ms as a smallest periodicity is a bit too long. The value of the shortest periodicity should be reconsidered.
Proposal 3:  The value of shortest periodicity for the physical layer to inform whether beam failure occurs should be re-considered for NR operation above 52.6 GHz.
2.1.3 Beam switching time for larger SCSs 480/960 kHz
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.
[bookmark: _GoBack]Table 1 shows the lengths of different types of CP with four SCSs = 120/240/480/960 kHz respectively. As shown in Table 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.
Table 1: the lengths of CP with different types based on four candidate SCSs
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)
	ECP

	3
	120
	125
	8333 ns
	586 ns
	1107 ns
	2083 ns 

	4
	240
	62.5
	4167 ns
	293 ns
	814 ns
	1042 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns
	521 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns
	260 ns



Rel-17 WID on NR operation in 52.6 GHz to 71 GHz [2] has made it clear that supporting new SCS 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. Therefore, it is necessary to consider how to support beam switching for new SCS 480 kHz and 960 kHz.
· Beam switching for SSB with SCS 480 kHz and 960 kHz
Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain.
There are several ways to design any two candidate SSBs in a half-frame are discontinuous in the time domain. 
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots in a half-frame defined in Rel-15 NR, as shown in Figure 1. In Case A and Case C, there are at least two-symbols intervals between any two candidate SSBs. 




Figure 1: SSB pattern defined in Rel-15
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs. One possible way is that only defining one candidate SSB per slot, and placing blank symbols before and after the candidate SSB. Another way is to shift one of the two continuous SSBs in Case B/D forward or backward by one or more symbols.
Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption. For example, two (e.g. in Case A/B/C/D) or four (e.g. in Case E) adjacent candidate SSBs have a same SSB index or QCL assumption. The gNB transmit one or more of these candidate SSBs with a same SSB index or QCL assumption in a same beam.
Proposal 4: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz.
· Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots defined in Rel-15 NR
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs, e.g.  only defining one candidate SSB per slot
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
· Beam switching for non-SSB channels/signals with SCS 480 kHz and 960 kHz (e.g. CSI-RS/SRS)
No matter for CSI-RS or SRS, etc., the existing configuration in Rel-15/16 can reserve at least one symbol interval between two signals or channels. It can be seen from Table 1, the length of one OFDM symbol with SCS 960 kHz is 1042 ns, which is enough for beam switching. Therefore, the existing specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCS 480 kHz and 960 kHz.
Observation 1: Rel-15/16 NR specifications have enough flexibility to support beam switching for non-SSB channels/signals with new SCS 480 kHz and 960 kHz.
2.1.4 UE capability
2.1.4.1 Determining PDSCH QCL
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.
	FS
	Yes
	No
	FR2 only



TS 38.331
[bookmark: _Toc46439818][bookmark: _Toc52837294][bookmark: _Toc53006942][bookmark: _Toc46487416][bookmark: _Toc46444655][bookmark: _Toc52838302]–	FeatureSetDownlink
    timeDurationForQCL              SEQUENCE {
        scs-60kHz                   ENUMERATED {s7, s14, s28}               OPTIONAL,
        scs-120kHz                  ENUMERATED {s14, s28}                   OPTIONAL
}        
For the newly introduced SCS i.e. 480 kHz / 960 kHz in Rel-17 NR above 52.6 GHz, the length of the slot/symbol becomes more shorter. Whether 14 or 28 symbols as same as scs-120kHz are enough for UE to complete PDCCH decoding and beam switching is not certain, thus timeDurationForQCL should be reconsidered.
Proposal 5: For determining PDSCH QCL assumption, the value of timeDurationForQCL for the new supported SCS 480 kHz / 960 kHz needs to be re-considered.
2.1.4.2 CSI-RS related UE capabilities
In addition to timeDurationForQCL, there are some other timing-related UE capabilities defined in TS 38.306, namely beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16. The definition and value of these UE capabilities are given below. For the new supported SCS 480/960 kHz in NR above 52.6 GHz, the length of the symbol is shorter. Thus the value of beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16 may need to be re-considered.
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.
	Band
	Yes
	N/A
	N/A

	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.
	Band
	No
	N/A
	FR2 only

	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'.
	Band
	No
	N/A
	FR2 only



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
    } 
Proposal 6: The value of beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16 for the new supported SCS 480 kHz / 960 kHz needs to be re-considered.
2.2 	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 7: 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 SCS 480 kHz and 960 kHz.
Proposal 1:  Beam management in Rel-15/16 NR could be used as the basis for specifying NR operation above 52.6 GHz.
Proposal 2:  The time for applying a new beam after receiving PDCCH with BFR response for the new supported SCS 480 kHz / 960 kHz may need to be re-considered.
Proposal 3:  The value of shortest periodicity for the physical layer to inform whether beam failure occurs should be re-considered for NR operation above 52.6 GHz.
Proposal 4: The following options can be considered for supporting beam switching for SSB with SCS 480 kHz and 960 kHz.
· Option 1: In a half-frame, any two candidate SSBs are discontinuous in the time domain
· Option 1-1: SSB pattern with SCS 480/960 kHz can adopt the existing pattern of Case A and Case C in one or two slots defined in Rel-15 NR
· Option 1-2: SSB pattern with SCS 480/960 kHz should be re-designed to reserve at least one symbol between any two candidate SSBs, e.g.  only defining one candidate SSB per slot
· Option 2: Multiple adjacent candidate SSBs are defined to have a same SSB index or QCL assumption
Proposal 5: For determining PDSCH QCL assumption, the value of timeDurationForQCL for the new supported SCS 480 kHz / 960 kHz needs to be re-considered.
Proposal 6: The value of beamReportTiming, beamSwitchTiming and beamSwitchTiming-r16 for the new supported SCS 480/960 kHz needs to be re-considered.
Proposal 7: Study and evaluate the impact of LBT and the limitation of COT length on the procedure of beam failure detection.
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