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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-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:
Agreement about timeDurationForQCL, beamSwitchTiming and beamReportTiming in 106-e meeting is described as follows [2]:
Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS

For these three parameters, we do not see any reason to support additional candidate values for 120 kHz, 480 kHz and 960 kHz. For 120 kHz, the candidate values are already agreed in 104b-e meeting and no additional candidate value needs to be discussed. For 480 kHz and 960 kHz, the absolute time for UE is the same with 120 kHz because the candidate values are obtained by scaling the candidate values of 120kHz by 4x/8x. Therefore, we prefer that no additional candidate values should be supported for 120 kHz, 480 kHz and 960 kHz
Proposal 1: For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, Support Alt-1.
Beam indication for multiple PDSCHs/PUSHCs scheduled by a single DCI for mTRP
There is a work assumption in 106-e meeting related to the beam indication for multiple PDSCHs/PUSCHs for mTRP shown as follows [2]:
Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs

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 and for multi-TRP the beam indication mechanism for mTRP in Rel16 is introduced. However the association between the multiple PDSCHs/PUSCHs and the indicated TCI state(s) has not been decided yet and it should be clarified before further discussion. 
For multi-DCI based mTRP in Rel16, the PDSCH/PUSCH resource related to one TRP is scheduled by its own DCI and only one TCI state is indicated by the DCI. Then, the multiple PDSCHs/PUSCHs over multiple slots scheduled by each DCI belong to the corresponding TRP which is similar with single TRP case. Therefore, there is no need to discuss the TCI state indication for the multiple PDSCHs/PUSCHs in case of multi-DCI based multi-TRP.
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.
For single DCI based mTRP in Rel16, the PDSCH/PUSCH of all these TRP are scheduled by single DCI and accordingly multiple TCI states should be indicated by the DCI. In this case, if NW indicated UE two TCI states by single DCI which schedules multiple PDSCHs/PUSCHs over multiple slots, what is the relation between these PDSCHs/PUSCHs and the two TCI state? And does these PDSCHs/PUSCHs belong to same TRP or different TRP? There are two cases as shown in figure 1 from our understanding. The first alternative is that some of these PDSCHs/PUSCHs are from TRP 1 and others are from TRP2 and another alternative is that there is a “multiple PDSCHs/PUSCHs” for each TRP.


Figure 1: The association between PDSCHs/PUSCHs and TRP for single DCI based mTRP
Proposal 3: In the case of single DCI based mTRP, there are two alternatives for the association between the multiple PDSCHs/PUSCHs and the indicated TCI state(s):
· Alt.1: Some of these PDSCHs/PUSCHs are from TRP 1 and others are from TRP2
· [bookmark: _GoBack]Alt.2: There is a so-called “multiple PDSCHs/PUSCHs” for each 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.
Proposal 3: In the case of single DCI based mTRP, there are two alternatives for the association between the multiple PDSCHs/PUSCHs and the indicated TCI state(s):
· Alt.1: Some of these PDSCHs/PUSCHs are from TRP 1 and others are from TRP2
· Alt.2: There is a so-called “multiple PDSCHs/PUSCHs” for each TRP
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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