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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 ~ #106-bis-e meeting, the beam management for new SCSs was discussed based on the above work item and some agreements have been achieved. In this contribution, we further discuss some potential enhancements on beam management to support NR from 52.6 GHz to 71 GHz.

Timing associated with beam operation 
In last meeting, beam switching gap related issue was discussed and we did not reach an agreement. Observed from TS 38.214, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. Accordingly, some companies proposed that this precedence relation is a good reference to receive adjacent channels/signals correctly with different beams. However, it is unlikely to prioritize all the signal/channels in NR appropriately. From our understanding, introducing scheduling restriction that UE does not expect to receive adjacent DL/UL signals/channels with different QCL Type-D source RSs within X symbol(s) is more feasible. And the value for X can be decided based on the reported beam switching time by UE.
Proposal 2: We prefer to introduce scheduling restriction that UE does not expect to receive adjacent DL/UL signals/channels within X symbol(s) which can be decided based on the reported beam switching time by UE.

QCL assumption for multiple PDSCHs/PUSHCs scheduled by a single DCI
Agreement about the QCL assumption for multi-PDSCHs scheduled by a single DCI in 106-e meeting is shown as follows [2]:
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), 
· [bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK5]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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK6]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
In last meeting, we did not reach an agreement on the QCL assumption for Case2 and the main divergence is whether a single QCL assumption or multiple QCL assumption is applied for these multi-slots PDSCHs scheduled by single DCI when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL. From our understanding, we do not think that single QCL assumption is a good idea. Because the default QCL assumption is not the optimal beam for the corresponding PDSCH in all probability. Applying the default beam to all the PDSCHs scheduled by single DCI just because the scheduling offset for some of these PDSCHs are smaller than timeDurationForQCL is not appropriate. Some companies may argue that single QCL assumption is applied to the multi-slot PDSCHs for the PDSCH aggregation in Rel15 and the inter-slot repetition transmission scheme for single DCI based multi-TRP in Rel16 when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL and the same QCL assumption should be used for the multi-slots PDSCHs scheduled by single DCI in 52.6-71GHz. However, each PDSCH or PUSCH has individual/separate TB(s) in the case of multi-slot PDSCHs in 52.6-71GHz and the TB(s) of these PDSCHs in PDSCH aggregation/repetition are the same. Therefore, the performance is acceptable even the default beam, which is not the optimal beam, is used for all the PDSCHs in the case of PDSCH aggregation/repetition because of the repetition gain. While there is no repetition gain for the multi-slot PDSCHs/PUSCHs in 52.6-71GHz, in which the TBs for these PDSCHs/PUSCHs are not the same. Accordingly, we prefer multiple QCL assumptions for multi-PDSCHs scheduled by a single DCI when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL in the case of single TRP.
Proposal: Support multiple QCL assumption when PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL in the case of single TRP.
Beam management for shared spectrum operation 
Beam measurement 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. In this case, NW 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.
Observation 1: There may be performance loss caused by non-transmitted periodic CSI-RS for beam measurement because gNB cannot get the latest beam measurement results especially for high speed UE.
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.


Figure 2: Aperiodic CSI reports to patch a non-transmitted periodic CSI-RS
Proposal 4: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.
[bookmark: OLE_LINK3]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 5: 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.
BFR for shared spectrum operation
If the RS for beam failure detection at t2 as shown in the figure below is missing, UE cannot assess the radio link quality timely. The existing BFR mechanism don’t specify the UE behavior in this situation. If UE just ignore it, that is to say UE don’t indicate the higher layer a BFI, the beam failure might not be detected timely. For example, we assume that the beamFailureDetectionTimer configured in RadioLinkMonitoringConfig IE is T. The BFI_COUNTER will be set to 0 in this situation even the BFI_COUNTER is set to (beamFailureInstanceMaxCount -1) at t1 and the radio link quality at t2 is actually worse than the threshold. On the contrary, if UE do indicate the higher layer a BFI in this case, the beam failure recovery might be triggered by mistake.


Observation 2: The existing BFD mechanism may not work well if the periodic CSI-RS for BFD cannot transmitted because of LBT failure.

Aperiodic RS transmission can be triggered to assess the radio link quality too. However, problem still exists if we do so. As shown in figure4, 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 6: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.


Figure 4. Aperiodic CSI-RS set to patch the non-transmitted CSI-RS set for BFD
Beam switching in the same COT
As discussed in TR 38.808 [3], when LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. If sensing beam for directional LBT at the beginning of COT covers the first transmission beam, LBT should be performed when NW is going to indicate UE new transmission beam, which will increase the time overhead of beam switching. If sensing beam covers all TDM beams at the beginning of COT, LBT is not needed when NW is going to indicate UE new TCI state, which will not increase the time overhead. However, it will reduce the chance to occupy the channel because of the wide sensing beam at the beginning of COT.
Observation 3: The beam switching in the same COT will be influenced by the LBT mechanism.
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 candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Support Alt-1.
Proposal 2: In case of multi-DCI based multi-TRP, there is no need to discuss the beam indication for the multiple PDSCHs/PUSCHs, because each TRP has its own DCI which is similar with single TRP case.
Observation 1: There may be performance loss caused by non-transmitted periodic CSI-RS for beam measurement because gNB cannot get the latest beam measurement results especially for high speed UE.
Proposal 4: Aperiodic RS transmission can be triggered to patch a non-transmitted periodic CSI-RS.
Proposal 5: 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.
Observation 2: The existing BFD mechanism may not work well if the periodic CSI-RS for BFD cannot transmitted because of LBT failure.
Proposal 6: The beam failure detection procedure should be enhanced if triggering aperiodic CSI-RS to complement the non-transmitted BFD-RS is supported.
Observation 3: The beam switching in the same COT will be influenced by the LBT mechanism.
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