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Introduction
In RAN #90, the work item about beam management for NR in 52.6-71GHz are agreed as follows [1]:
· 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 RAN1 #104e ~ #104b-e meeting, the beam management for new SCSs was discussed based on the above work item and some agreements have been achieved [2], [3]. In this contribution, we further discuss some potential enhancements on beam management to support NR from 52.6 GHz to 71 GHz.
Multiple beams for multiple PDSCHs/PUSHCs scheduled by a single DCI
The QCL assumption for each PDSCH
Agreement in 104e meeting about the QCL assumption(s) the UE should apply for each PDSCH is shown as follows:
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
For discussion on QCL assumptions for the cases when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL, or all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, several alternatives can be considered.
Alt 1, all the scheduled PDSCHs QCL assumption is the same as the PDSCH in the first TTI. And the QCL assumption for the first PDSCH can using the R16 behavior, that is UE may assume that the DM-RS ports of the first PDSCH 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 are monitored by the UE. By Alt 1, each PDSCH in the multiple TTI would have the same QCL assumption.
Alt 2, for the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the QCL assumption is the same as the PDSCH in the first TTI, which is determined by R16 behavior. And for the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL, the QCL assumption is the same as the PDCCH scheduling the PDSCHs when there is no TCI indication field in the scheduling DCI, or the QCL assumption is indicated by the TCI indication field, if it exists, in the scheduling DCI. In Alt 2, the PDSCHs have scheduling offset less than timeDurationForQCL have the same QCL assumption, while PDSCHs have scheduling offset equal to or greater than timeDurationForQCL have the same or different QCL assumptions based on the TCI indication field in the scheduling DCI.
Alt 3, for each of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the QCL assumption is determined by Rel-16 behavior, And for the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL, the QCL assumption is the same as the PDCCH scheduling the PDSCHs when there is no TCI indication field in the scheduling DCI, or the QCL assumption is indicated by the TCI indication field, if it exists, in the scheduling DCI. In Alt 3, the PDSCHs have scheduling offset less than timeDurationForQCL may have different QCL assumptions and the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL have the same or different QCL assumptions based on the TCI indication field in the scheduling DCI.
From our point of view, compared to Alt 1/3, Alt 2 can avoid frequent QCL assumption change, but also can offer some flexibility for the PDSCHs have scheduling offset equal to or greater than timeDurationForQCL by TCI indication in scheduling DCI. If gNB wants to keep the QCL assumption of all the PDSCHs the same, then gNB can indicate a TCI that is the same as the first scheduled PDSCH. And if gNB wants to set different QCL assumptions, one or more different TCIs in scheduling DCI can be indicated, which corresponds to one or more PDSCHs have scheduling offset equal to or greater than timeDurationForQCL.  
Proposal 1: For the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the QCL assumption is the same as the PDSCH in the first TTI, which is determined by R16 behavior. And for the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL, the QCL assumption is the same as the PDCCH scheduling the PDSCHs when there is no TCI indication field in the scheduling DCI, or the QCL assumption is indicated by the TCI indication field, if it exists, in the scheduling DCI.
Single beam or multiple beam for multi-PDSCH/PUSCH
Agreement in 104b-e meeting related to the supporting of multiple beams for multiple PDSCHs/PUSCHs is shown as follows:
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
In the WID [1], scheduling multiple PDSCHs/PUSCHs over multiple slots by single DCI is supported to reduce the overhead of PDCCH monitoring. Accordingly, it should be discussed whether or not it is needed to indicate a separate beam for each scheduled PDSCH/PUSCH. It was agreed that only one TCI state is allowed to be indicated for single TRP in l04b-e meeting. However the number of TCI states in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP is FFS. In Rel15/16, multi-TRP was discussed to support non-coherent joint transmission, in which UE may receive fully/partially/non-overlapped PDSCHs in time and frequency domain. The multiple PDSCHs/PUSCHs over multiple slots discussed here is not about joint transmission. In this situation, the TRP is transparent for UE, which means there is no difference between single TRP and multi-TRP for beam indication. Therefore, for multiple PDSCHs/PUSCHs scheduled by a single DCI, only a single TCI state/SRI in DCI is support for multi-TRP because it was agreed that a single TCI state/SRI in DCI is supported for single TRP.
Proposal 2: Support only one TCI state/SRI in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP.
Beam management for shared spectrum operation
For the unlicensed frequency bands in 52.6-71GHz, because of the co-existence with other technologies occupying the same unlicensed spectrum, the periodic CSI-RS cannot be transmitted if LBT failure. From the UE side, if periodic CSI-RS are configured, it will assume that the reference signals are always there and may report the measurement results to gNB after performing the measurement on these signal, unless there is a way for UE to detect whether the transmission bursts exist. Observed from the NR-U in Rel16, there are several methods for UE to determine that when the transmission bursts starts and ends. If a UE is configured with two groups of search space sets for PDCCH, the monitoring group flag in DCI format 2_0 and a timer configured as a number of slots can be used for UE to determine whether the transmission bursts exist. In addition, a COT (Channel Occupied Time) duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0, indicates UE the end of COT. It can be concluded based on the description above that it is feasible to configure periodic CSI-RS via RRC for beam measurement if reusing the same methods in NR-U in Rel16 for UE to confirm whether the transmission bursts exist. However, owing to the missing of periodic CSI-RS caused by LBT failure, gNB cannot get the latest beam measurement results from UE, which may lead to huge performance loss because of the movements of UE or other objects in the environment. One possible way to deal with this is to trigger an aperiodic CSI reporting based on aperiodic RS to patch a non-transmitted periodic CSI-RS as shown in Figure 2.
Proposal 3: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.


Figure 2: Aperiodic CSI reports to patch a non-transmitted periodic CSI-RS
Supporting of efficient beam management
Enhancements on aperiodic CSI reporting
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK3]As discussed in section 4, triggering aperiodic CSI reporting can help the gNB to get the latest beam measurement results and update the TCI state of UE when the periodic CSI-RS resources cannot be transmitted due to the LBT failure. Observed from Rel15/16, the aperiodic CSI-RS can be triggered by DCI format 0_1/0_2 together with aperiodic CSI reportting. Each aperiodic trigger state can be associated with several report configures and the corresponding resource sets. However, only one aperiodic CSI-RS resource set can be used for beam measurement and one aperiodic CSI-RS resource set contains maxNrofNZP-CSI-RS-ResourcesPerSet (64) aperiodic CSI-RS resources at most. In 52.6-71GHz, narrower beamwidth may be needed to compensate for larger propagation loss due to high atmospheric absorption, which means a large number of beams are expected to be used. To support more beams, some enhancements on aperiodic CSI reports may needed. The most direct way is to increase the maximal number of reference signals in each CSI-RS resource set. In addition, another feasible method is that multiple aperiodic CSI-RS resource sets associated with one aperiodic trigger state are allowed to be used for beam measurement as shown in Figure 3.


Figure 3: Multiple aperiodic CSI-RS resource sets triggered by single DCI
Proposal 4: To support more beams, the maximal number of reference singles in one CSI-RS resource set should be increased. Or, multiple aperiodic CSI-RS resource sets associated with one aperiodic trigger state should be allowed to be used for beam measurement.
[bookmark: OLE_LINK1]Nevertheless, in Rel15/16, if we setup multiple aperiodic CSI-RS resource sets in one aperiodic trigger state, which can be seen as multiple CSI reports, the beam measurement results of each resource set will report separately. For beam measurement and report, it is expected that the measurement results of all these aperiodic CSI-RS resource sets can be process jointly to report N best beams. In consequence, an implicit or explicit way to indicate UE the report method, which refers to reporting the results separately or jointly, may needed.
Proposal 5: An implicit or explicit way to indicate UE the report method, which refers to reporting the measurement results separately or jointly, is needed when multiple aperiodic CSI-RS resource sets are triggered by single DCI for beam measurement.
The limitation on the number of periodic CSI-RS resource used for beam measurement in Rel15/16
As mentioned in section 4.2, there is a limitation on the number of aperiodic CSI-RS resource used for beam measurement in Rel15/16. Actually, there is also a limitation on the number of periodic CSI-RS resource used for beam measurement. Observed from TS 38.331, the CSI resource setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI resource sets, given by the parameter nzp-CSI-RS-ResourceSetList. This parameter is a list of references to NZP CSI-RS resources used for beam measurement and reporting. It contains up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets if resourceType is 'aperiodic' and 1 otherwise, which means S= maxNrofNZP-CSI-RS-ResourceSetsPerConfig for aperiodic CSI-RS resource setting and S=1 for semi-persistent and periodic CSI-RS resource setting. In sum, for beam measurement, the periodic CSI-RS resource setting CSI-ResourceConfig associated with a reporting setting CSI-ReportConfig contains one CSI resource set and one CSI resource set contains maxNrofNZP-CSI-RS-ResourcesPerSet (64) reference signals at most. In other word, there is a limitation on the number of periodic CSI-RS resource used for beam measurement in Rel15/16. Accordingly, some enhancements are needed to deal with this limitation if the number of beams more than maxNrofNZP-CSI-RS-ResourcesPerSet are expected to be used in 52.6-71GHz.
Observation 1: There is a limitation on the number of periodic CSI-RS resource used for beam measurement in Rel15/16.
Proposal 6: Some enhancements are needed to deal with this limitation if the number of beams more than maxNrofNZP-CSI-RS-ResourcesPerSet are expected to be used in 52.6-71GHz.
Potential enhancements to BFR to deal with LBT failure



Observed from TS 38.213, a set  of periodic CSI-RS resource configuration indexes are provided to UE by failureDetectionResources for beam failure detection and another set  periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes is configured by candidateBeamRSList to select an appropriate beam used for recovery procedure.Therefore, the BFR procedure deeply relies on periodic CSI-RS. For the unlicensed frequency bands in 52.6-71GHz, the periodic CSI-RS for BFR cannot be transmitted if LBT failure. If the RS for beam failure detection is missing, UE cannot assess the radio link quality timely. As discussed in section 4.1, an aperiodic CSI-RS set can be triggered to patch the non-transmitted CSI-RS resource set for beam failure detection. However, problem still exists with this approach. As shown in figure1, we assume that the beamFailureDetectionTimer configured in RadioLinkMonitoringConfig IE is T and the time interval between the latest periodic CSI-RS set for beam failure detection and the aperiodic CSI-RS set is t0. It is clear that t0 is larger than T, which means the beamFailureDetectionTimer expires. Accordingly, the BFI_COUNTER will be set to 0 even the radio link quality obtained from the aperiodic CSI-RS set is larger than the threshold  . This case still exists when the beamFailureDetectionTimer in RadioLinkMonitoringConfig IE is set to other values. In order to deal with the LBT failure, other method expect triggering complementary aperiodic CSI-RS when LBT failure occurs to patch the non-transmitted periodic CSI-RS for beam failure detection should be considered. Or, the beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported to avoid the problem we mentioned above.
Proposal 7: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.


Figure1. Aperiodic CSI-RS set to patch the non-transmitted CSI-RS set for BFD
Conclusions
In this contribution, we share our views on the potential enhancements on beam management to support NR from 52.6 GHz to 71 GHz. Related proposals are summarized as follows:
Proposal 1: For the scheduled PDSCHs have scheduling offset less than timeDurationForQCL, the QCL assumption is the same as the PDSCH in the first TTI, which is determined by R16 behavior. And for the scheduled PDSCHs have scheduling offset equal to or greater than timeDurationForQCL, the QCL assumption is the same as the PDCCH scheduling the PDSCHs when there is no TCI indication field in the scheduling DCI, or the QCL assumption is indicated by the TCI indication field, if it exists, in the scheduling DCI.
Proposal 2: Support only one TCI state/SRI in a single DCI scheduling multiple PDSCHs/PUSCHs for multi-TRP.
Proposal 3: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.
Proposal 4: To support more beams, the maximal number of reference singles in one CSI-RS resource set should be increased. Or, multiple aperiodic CSI-RS resource sets associated with one aperiodic trigger state should be allowed to be used for beam measurement.
Proposal 5: An implicit or explicit way to indicate UE the report method, which refers to reporting the measurement results separately or jointly, is needed when multiple aperiodic CSI-RS resource sets are triggered by single DCI for beam measurement.
Observation 1: There is a limitation on the number of periodic CSI-RS resource used for beam measurement in Rel15/16.
Proposal 6: Some enhancements are needed to deal with this limitation if the number of beams more than maxNrofNZP-CSI-RS-ResourcesPerSet are expected to be used in 52.6-71GHz.
Proposal 7: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.
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