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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous RAN plenary meeting #90-e, the new WID was approved [1] wherein the following objective regarding beam management is specified:
	· 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



In this contribution, we discuss the beam related issues including timing aspects of multi-beam operation and adaptation of beam management for LBT failure.
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Discussion on the baseline of beam management for 52-71GHz band
[bookmark: _Ref129681832]In Rel-15 NR, beam related operations include the basic beam indication, beam training, and beam failure recovery (BFR). These issues can be divided into two parts. One is beam based operation in initial access which contains beam sweeping for SSB/RMSI/paging and beamformed RACH transmission. The second issue is the beam management that contains DL beam measurement/reporting/indication, UL beam measurement/indication, UE beam correspondence, and BFR. For the DL beam measurement, 1 or 2 port(s) per CSI-RS or SSB is considered. When the “repetition” in “NZP-CSI-RS-ResourceSet” configuration is “on”, UE assumes that CSI-RSs within the set have the same gNB Tx beam. For the DL beam indication, the transmission configuration indicator (TCI) for Type-D QCL (spatial Rx parameters) in a DCI can be used for receiving the corresponding PDSCH. For PDCCH, the beam direction can be achieved by RRC configuration or RRC +MAC CE. For UL beam measurement, SRS resource set IE “usage” can be configured as “BeamManagement”, the pathloss reference RS for P/SP/AP-SRS can be updated in RRC, while SP-SRS can be activated/deactivated and its spatial TX beam can be updated using MAC-CE. For PUSCH scheduled by DCI format 0_0, the PUSCH and the dedicated PUCCH resource with the lowest ID within the active UL BWP have the same spatial relation. For PUSCH scheduled by DCI format 0_1, DCI format 0_2 or semi-statically configured, the Tx beam used for transmitting the SRS can be used for sending the PUSCH. BFR procedure includes beam failure detection, new beam identification, beam failure recovery request, and beam failure recovery response, and can only be used in Pcell in this release.
In Rel-16, enhancements related to the beam operation include overhead/latency reduction, L1-SINR reporting, and BFR for Scell. In order to reduce signaling of beam update for multiple channels, default beam and default pathloss RS were introduced for PUCCH, PUSCH, and SRS.
Considering the latency due to the RRC reconfiguration signaling, following functionalities using MAC CE were introduced:
· Updating the spatial relation for aperiodic SRS.
· Activating multiple CCs/BWPs PDSCH TCI state IDs simultaneously.
· Activating multiple CCs/BWPs PDCCH CORESET TCI state IDs simultaneously.
· Updating SP/AP SRS spatial relations in multiple CCs/BWPs simultaneously.
· Activating the spatial relation per group of PUCCH.
· Updating AP-SRS/SP-SRS/PUSCH pathloss reference RS.
In addition, the maximum number of the candidate beams for BFR and spatial relations for PUCCH are all increased to 64. Moreover, since Rel-15 specifies L1-RSRP based beam selection, the beam with strongest L1-RSRP can be selected as the serving beam. However, higher RSRP does not imply high SINR. Therefore, L1-SINR based reporting is supported in Rel-16 in which 2 or 3 resource settings can be configured. Finally, to improve the mobility and robustness in FR2, BFR mechanism is extended to Scell using which beam failure in Scell can be detected and recovered quickly. SR+MAC CE signaling was introduced to send BFRQ towards the Pcell. Instead of reporting new beam index, the UE can report an indication to inform that there is no qualified new beam for recovery via BFRQ.
Considering the similar behavior of beam-based transmission between FR2 and 52-71 GHz frequency band, all the Rel-15/16 procedures mentioned above can be using for 52-71 GHz frequency band. As new SCSs of 480 kHz and 960 kHz are introduced for the new band, the corresponding timelines should be adjusted which will be discussed in section 3. For operation in shared spectrum, the transmission of measurement RS might not be guaranteed due to the LBT failure. Potential enhancements for BFD/BFR in the shared spectrum are discussed in section 4.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK188]Proposal 1: At least the beam management procedure defined in Rel-15/16 can be the baseline for operation in 52.6GHz to 71GHz.
During the WID discussion in RAN#90e, some companies proposed to consider beam management enhancements that are under development in Rel-17 MIMO as a baseline for the beam management in 52-71 GHz frequency band. Rel-17 beam management enhancement in MIMO AI contains the following three aspects: First, support for the dynamic TCI indication where the DCI-based TCI indication can be applied to multiple channels (PDCCH/PDSCH&PUCCH/PUSCH). Second, possible new timing due to the cell/panel switch. Third, new measurement/report behavior in mTRP with multi-panel Rx scenario.
[bookmark: OLE_LINK92][bookmark: OLE_LINK3][bookmark: OLE_LINK189][bookmark: OLE_LINK190]Proposal 2: Support for the beam management enhancements specified in Rel-17 MIMO WI should be considered in 52.6 GHz to 71 GHz at later stages of Rel-17 WI when these enhancements are stable.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Multi-beam operation timing aspects
The following agreement in RAN1-103e is reached [2]:
	Agreement:
· It was identified that for new subcarrier spacing, if agreed, will at least require investigation on the need for enhacnments and standardization, of the following processing timelines:
· Processing capability for PUSCH scheduled by RAR UL grant 
· Dynamic SFI and SPS/CG cancellation timing
· Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
· Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
· BWP switch delay
· Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)



[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK138]Introduce gap to accommodate the beam switching
According to WID, UEs optionally support 480 kHz and 960 kHz SCSs for data and control channels and reference signals. This may impact the beam related issues such as beam management or beam switching. According to 38.817-02, for gNB, the worst-case beam switching time is based on the analogue implementation and is estimated as < 100 ns, the switching time may be higher in UE side. In FR2, the NCP for 120 kHz SCS is 586ns which is long enough to cover both beam switching gap and delay spread. The CP for 480 kHz SCS is 146ns and may not be enough when the delay spread is high, e.g. for TDL-A with 40 ns delay spread. The CP length is almost 72 ns for 960 kHz SCS it may be insufficient for the beam switching delay even without taking into account the effect of delay spread. This means that UE may not be able to transmit to or receive from two different beams on two adjacent symbols in 480 kHz or 960 kHz SCSs. In Rel-15/Rel-16, receiving CSI-RS resources with different beam directions on adjacent symbols are supported. To accommodate beam switching delay for 480 kHz and 960 kHz SCSs, only non-adjacent CSI-RSs with different beam directions can be configured by gNB.
Since the beam direction for receiving PDSCH can be different from that for receiving PDCCH, the following cases illustrated in Fig. 1 should be carefully considered when introducing 480 kHz/960 kHz SCS.
[bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK195]In Case 1, PDSCH is scheduled by DCI #1. The beam direction for receiving the PDSCH depends on the parameter “timeDurationForQCL” and the DCI format. The “timeDurationForQCL” indicates the minimum number of symbols required by a UE to perform PDCCH reception and apply spatial QCL information received in DCI for PDSCH processing. Values of“timeDurationForQCL” are {7-symbols, 14-symbol, 28-symbols} in 60 kHz and {14-symbol, 28-symbols} in 120 kHz [3].
[image: ]
Fig. 1 use case in Downlink
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK70][bookmark: OLE_LINK71]If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH, when the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than “timeDurationForQCL”, the PDCCH and the PDSCH have the same QCL relation; that is, the UE uses the same DL Rx beam to receive the PDCCH and PDSCH. If the PDSCH is scheduled by a DCI format having the TCI field present, when the time offset between the reception of the DL DCI and the corresponding PDSCH is larger than “timeDurationForQCL”, the beam for receiving the corresponding PDSCH is indicated by the DCI field “TCI-state”. Otherwise, when the time offset is less than “timeDurationForQCL”, the PDSCH uses QCL assumption based on a default TCI state which corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot. The flowchart is provided in Figure 2.
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[bookmark: OLE_LINK55]Fig. 2 QCL assumption for PDSCH
[bookmark: OLE_LINK85][bookmark: OLE_LINK108][bookmark: OLE_LINK24][bookmark: OLE_LINK25]In all above examples corresponding to Case 1, UE behavior regarding receive beam for PDSCH is already specified and we do not see any justification for introducing a gap to account for beam switch latency for receiving PDSCH in 480 kHz SCS or 960 kHz SCS. 
In Case 2, PDSCH is scheduled by DCI #1where the slot containing PDSCH also contains another PDCCH carrying DCI #2, and there is no gap between the PDCCH carrying DCI #2 and the PDSCH scheduled by DCI #1. For this case, if the beam direction for the PDCCH carrying DCI #2 is different from that for the PDSCH, the CP length in 480 or 960 kHz SCS is not sufficient for beam switching. A similar problem is also observable in Case 3 wherein a CSI-RS #1 with the beam direction different from that of the PDSCH is configured within the PDSCH. In such a case, the UE beam switch may not finish within the CP in 480 or 960 kHz SCS. As such, in above examples corresponding to Case 2 and Case 3, UE is not expected to receive PDCCH or CSI-RS and PDSCH with different QCL-D properties on adjacent symbols within a slot.
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]Proposal 3: For 480 kHz and 960 kHz SCS, UE is not expected to receive downlink data or control channel or reference signals with different QCL-D properties on adjacent symbols within a slot.
Timing associated with beam based operation
[bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK198][bookmark: OLE_LINK199]Besides “timeDurationForQCL”, Rel-15/Rel-16 defines “beamSwitchTiming” and “beamReportTiming”. The IE “beamSwitchTiming” with {sym14, sym28, sym48, sym224, sym336} for both 60 kHz SCS and 120 kHz SCS in FR2 indicates the minimum number of OFDM symbols between the DCI triggering an aperiodic CSI-RS and the aperiodic CSI-RS transmission. The IE “beamReportTiming” indicates the symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report. In FR2, the values of “beamReportTiming” for 60 kHz SCS and 120 kHz SCS are {sym8, sym14, sym28} and {sym14, sym28, sym56}, respectively. Finally, as discussed above, “timeDurationForQCL” indicates the minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing and has values {s7, s14, s28} for 60 kHz and {s14, s28} for 120 kHz SCS.  For 480 kHz SCS and 960 kHz SCS, the supported values of “beamSwitchTiming”, “beamReportTiming” and “timeDurationForQCL” can be obtained by respectively multiplying a factor of four and eight to their corresponding values for 120 kHz SCS.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK78]Proposal 4: For 480 kHz SCS (960 kHz SCS), the supported values of “beamSwitchTiming”, “beamReportTiming” and “timeDurationForQCL” are obtained by multiplying a factor of four (eight) to their corresponding values for 120 kHz SCS.
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Enhancement of beam management for operation in shared spectrum
The beam management developed in Rel-15/Rel-16 may be viewed as a baseline for the operation above 52.6GHz where using narrower beams would be beneficial to overcome a higher propagation loss. The flowchart of BFR is provided in Figure 3.
[image: ]
Fig. 3 BFR procedure
[bookmark: OLE_LINK124][bookmark: OLE_LINK123][bookmark: OLE_LINK127][bookmark: OLE_LINK126]The BFR procedure can be divided into two steps: The first step is using RSs (i.e., BFD-RS) configured in “RadioLinkMonitoringConfig” for beam failure detection. The second step is using RSs (i.e., BFR-RS) configured in “candidateBeamRSList” for a new beam detection. However, these configured RSs are all periodic SSBs/CSI-RSs in Rel-15/Rel-16. Since beam width in above 52.6GHz is generally narrower, for a given number of BFD-RS, the likeliness of beam failure instance indication from lower layers is generally higher. In addition, the periodic RSs for beam failure detection or beam recovery may not be transmitted successfully due to the possibility of LBT failure at the gNB side in shared spectrum. Moreover, the periodic CSI-RSs can only be transmitted within the Channel Occupancy Time (COT). Due to above reasons, enhancements in BFD procedure may be needed in shared spectrum above 52.6GHz.
Figure 4 Case A uses Rel-15/16 BFD procedure as a baseline and shows a possible scenario in shared spectrum where periodic CSI-RS in transmission occasion #2 (TO#2) is not transmitted due to the LBT failure. This may trigger an unnecessary BFR procedure. In case B, gNB may transmit an additional CSI-RS triggered by PDCCH before the next configured CSI-RS TO (i.e., TO #3) when the LBT fails for the current CSI-RS TO (i.e., TO #2). The benefit of the complementary AP CSI-RS transmission is twofold: First, it replaces an un-transmitted periodic BFD-RS TO. This results in less interruption time in beam monitoring at the UE side and, consequently, a reduced latency in BFD/BFR procedure. Second, the triggering DCI for the AP CSI-RS can also act as an (implicit) indication that the periodic CSI-RS TO is not transmitted. This instructs the UE to adjust the “BFI_COUNTER” if it has been incremented due a beam failure instance indication from lower layers caused by not receiving the periodic CSI-RS TO.
[image: ]
Fig. 4 NR-U CSI-RS transmission scheme
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]Proposal 5: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.
Conclusions
In this paper, we discussed the beam related issues above 52.6GHz with the following observations and proposals.
Proposal 1: At least the beam management procedure defined in Rel-15/16 can be the baseline for operation in 52.6GHz to 71GHz.
Proposal 2: Support for the beam management enhancements specified in Rel-17 MIMO WI should be considered in 52.6 GHz to 71 GHz at later stages of Rel-17 WI when these enhancements are stable.
Proposal 3: For 480 kHz and 960 kHz SCS, UE is not expected to receive downlink data or control channel or reference signals with different QCL-D properties on adjacent symbols within a slot.
Proposal 4: For 480 kHz SCS (960 kHz SCS), the supported values of “beamSwitchTiming”, “beamReportTiming” and “timeDurationForQCL” are obtained by multiplying a factor of four (eight) to their corresponding values for 120 kHz SCS.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: In order to mitigate the impact of LBT failure in BFD procedure, support transmitting complementary aperiodic CSI-RS when LBT failure occurs on periodic BFD-RS.
References
[1] RP-202925, “Revised WID:  Extending current NR operation to 71 GHz,” CMCC
[2] [bookmark: _Ref23341812][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Chairman’s Note for RAN1#103e
[3] [bookmark: _Ref20404393]TS38.331
image3.png
BFD-RS

RadioLinkMonitoringConfig

BFR-RS

UE reports the results

to higher layer candidateBeamRSList

BFR based RACH

UE monitors PDCCH

recoverySearchSpaceld




image4.png
Case A

Case B

CSLRS CSLRS CSLRS
TO#1 To® T0%
CSLRS csLRs

TO#1 TO#2 LBT success ok

successful transmission

periodic CSLRS

CSLRS transmission
faifure due to LBT

Replacement of
previous falled CSLRS.




image1.png
AN /_\ﬁ)sm

DCI#1 PDSCH
— - ) DCI#1 ) )
—— Da#
i
case 1 case 2
DCI#1 PDSCH
csRs =t




image2.png
time offset equal
to o larger than
timeDurationF 'orQCL?

Yes l

No

Does configure tci-
PresentlnDCI?

Yes





