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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e, multiple agreements were made on beam management. In this contribution, we will discuss the beam management aspects for 52.6-71GHz spectrum, especially considering the introduction of 480kHz and 960kHz SCS for data channels.
Discussion 
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Basis of beam management for 52-71GHz band
[bookmark: _Ref129681832]Basis of beam management for 52-71GHz band was discussed in RAN1#104-e and the following agreement was made in RAN1 and also agreed in RAN plenary [1]:
Agreement:
Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed.
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided

FeMIMO is introducing new features for beam managements like unified TCI and DCI triggered beam indication. These features are being discussed to enhance the beam management efficiency and therefore it is natural to take those features as the basis of beam management for 52.6-71GHz spectrum. It is preferred to study new issues when those features are finalized, and therefore avoid duplication of work.
It may be argued that beams need to be narrower to compensate the higher path loss in higher frequencies. However, this is related to the coverage enhancement and can be considered in future releases. In addition, according to the WID and similar to below 52.6 GHz operations in FR2, up to 64 SSB beams are supported for initial access. Therefore, we see no good motivation to discuss possible support for more beams with narrower beam-width in other channels for a better coverage.
Observation 1: An increased number of beams may be used to handle the coverage issue caused by the larger path-loss for 52.6-71GHz. However, coverage enhancement is not in the scope of 52.6-71GHz Work Item.
Proposal 1: Do not consider coverage enhancement using an increased number of beams and its corresponding beam management enhancements in this release.
New timing parameters for new SCS
In RAN1#104-e, new timing parameters were discussed for 480kHz and 960kHz, and the following agreements were made:
Agreement:
· For NR operation in 52.6-71GHz with new SCSs, new parameter values for at least the following timing parameters are needed:
· timeDurationForQCL
· beamSwitchTiming
· beamReportTiming
· Companies are encouraged to provide preferred values on timeDurationForQCL, beamSwitchTiming and beamReportTiming

In our view, since the symbol duration for 480kHz and 960kHz SCS are shorter than legacy SCS by a fixed proportion, those timing parameters presented by 480kHz/960kHz SCS symbols need to be extended as well. The supported values for 480kHz and 960kHz SCS can be scaled proportionally to the ones supported for 120kHz SCS.
Proposal 2: 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.

Introduction of beam switching gap
In RAN1#104-e, beam switching capability and beam switching delay were discussed and the following agreements were made:
Agreement:
· Further study new parameter values for at least the following parameters:
· maxNumberRxTxBeamSwitchDL
· Additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS
· Study whether/how to introduce a beam switching gap between signals/channels 
· FFS: condition to apply including potential UE capability definition
· Study should account for inputs from RAN4

For maxNumberRxTxBeamSwitchDL, it has been proposed that the same supported values of 4, 7, 14 from Rel-15/16 be carried over to 480(960) kHz SCS. However, the necessity and benefits to perform beam switching so frequently within a slot is not clear. Considering the unified TCI framework being discussed in FeMIMO, it is likely to use unified TCI for multiple channels, and therefore reducing the number of beam switches. Secondly, allowing frequent beam switching capability is challenging and non-cost effective for UE implementation. Last but not least, depending on RAN4 reply on LS from RAN1 [2], beam switching time may be longer than the CP duration at least for 960kHz SCS. This would necessitate the introduction of a beam switching gap which, in turn, would result in reducing the system resource utilization. Therefore, we think the necessity and benefits to reuse the same values for the maximum number of beam switching per slot need to be justified. In general, we think the values of the maxNumberRxTxBeamSwitchDL parameter can be smaller than the legacy values in Rel-15/16. 
Observation 2: For 480kHz/960kHz, supporting the same values for maxNumberRxTxBeamSwitchDL as in 120kHz is challenging for UE implementation as well as system resource utilization. The benefits of keeping the legacy beam switching values need to be justified.
Proposal 3: Consider smaller values for maxNumberRxTxBeamSwitchDL in 480kHz and 960kHz, e.g., 2, 4, 7.
For the additional beam switching time delay d for triggering AP-CSI-RS when triggering PDCCH with 120kHz or 480kHz has a smaller subcarrier spacing than AP-CSI-RS, similar to proposal 2, we think a scaled value can be applied when PDCCH is triggered by 120kHz SCS and 480kHz SCS. 

It has been suggested in the last RAN1 meeting in this WI that the definition of maxNumberRxTxBeamSwitchDL should be clarified [3]. In most cases, specifications have clear definitions on when UE would change or is assumed to change its spatial domain filter. However, still some cases could be identified where current assumption on change of UE spatial domain filter is unclear. For example, when two adjacent symbols are UL-DL or DL-UL, from beam switching point of view, UE’s spatial domain filter may not actually be changed due to beam correspondence, which is also the case when unified TCI is applied on both UL and DL signals. We are open to discuss whether UL-DL or DL-UL w/o spatial domain filter change is counted as a beam switch, and whether definition on maxNumberRxTxBeamSwitchDL needs to be clarified accordingly.
Observation 3: This WI can discuss if the beam switching behavior between adjacent symbols is ambiguous in some cases and if it is necessary to clarify the definition of maxNumberRxTxBeamSwitchDL for those cases. 
Although RAN1 is waiting for RAN4 response to determine whether beam switching time is ~100ns for 480kHz/960kHz, it is almost certain that, at least for the case of 960kHz SCS, the beam switching time cannot be absorbed in the CP of the OFDM symbol.  Therefore, assuming that beam switching gap is required, we herein discuss its specification impact.
First, note that when UE switches beams for receiving or transmitting signals/channels with two different priorities, beam switching gap should not impact  receiving or transmitting signals with the higher priority. Examples of high priority signals include CSI-RS for RLM and SSB. RAN4 has already specified some scheduling restrictions for lower priority signals when overlapping with high priority signals [4]. For example:
[image: ]
Above example assumes that beam switching duration is much shorter than the CP and, therefore, gNB can still schedule signals on the symbol adjacent to the RLM-RS signal. However, when beam switching duration is longer than or comparable to the CP and the adjacent symbol to RLM-RS is also scheduled, it is not clear whether beam switching delay would impact the adjacent symbol to the RLM-RS or the RLM-RS symbol. 
Observation 4: At least for 960kHz SCS, current scheduling restrictions cannot protect the reception or transmission of a signal with a higher priority when an adjacent symbol carries a signal with a lower priority and using different beams.
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Fig. 1 Symbols impacted by beam switching is not clear
As such, a further scheduling restriction can be applied in cases where beam switching time is longer than or comparable to the CP. For instance, in the case of RLM-RS, UE is not expected to transmit or receive signals/channels with a priority lower than RLM-RS on the symbol adjacent to RLM-RS and the RLM-RS symbol. This way, there will be sufficient time for both gNB and UE to apply beam switching on the symbol adjacent to RLM-RS symbol.
Similarly, when PDSCH and CORESET are adjacent to each other but their beams are different, it is not clear whether beam switching will be performed on the CORESET symbol or the PDSCH symbol. This can be avoided by proper UE assumption, for instance, UE is not expected to receive PDSCH when PDSCH is adjacent to CORESET and beams of PDSCH and CORESET are different. This way, beam switching will not happen on the CORESET symbols, and the loss on PDSCH can be tolerable.
Proposal 4: Apply further scheduling restrictions on the adjacent symbol to the signal with a higher priority, when the adjacent symbol carries a signal with a lower priority and using different beams.
Beam management for Multi-PDSCH/PUSCH scheduling
For multi-PDSCH scheduling, it is possible that multiple slots of the scheduled PDSCH would have scheduling offset smaller than timeDurationForQCL. This was discussed in RAN1#104-e and the following agreements were made:
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

After a UE has received the PDCCH, especially for 480kHz/960kHz SCS whose slot duration is quite short in time, it would take multiple slots for UE to decode the content of DCI, and the TDRA information of the scheduled PDSCH is not known by the UE for those slots. Therefore, UE would only be able to use the beam of the lowest CORESET ID in the latest monitored slot to receive and buffer the signals in those slots. Only after the scheduling information of the PDSCH is decoded, UE would know which buffered time/frequency resources are carrying PDSCH to do the decoding. Therefore, when UE finds out that multiple PDSCHs are actually scheduled over those buffered slots, the PDSCH in each slot n of those buffered slots has already been received and buffered using a default beam for the slot n. Such default beam is the beam of the lowest CORESET ID in the latest monitored slot not after slot n.
For most cases, it is possible to configure the lowest CORESET IDs over all the slots with offset smaller than timeDurationForQCL with the same beam. However, when slots with CORESET 0 occurs in those slots, beam switching would be inevitable, because usually CORESET 0 is targeted for transmission of multiple UEs with a wider beam, and other CORESET IDs are targeted for transmission of one UE with a narrower beam. For delay insensitive traffics, the network can schedule PDSCH after the timeDurationForQCL to make sure all PDSCHs are received with the same beam, or, the network can wait and schedule PDSCH when lowest CORESET IDs over multiple slots are configured with the same beam. For delay sensitive traffics like URLLC, however, PDSCH should be transmitted immediately. Considering the fact that PDSCHs are transmitted before the scheduling information is decoded by the UE, PDSCHs can only be transmitted using the beam of the lowest CORESET ID in the latest monitored slot, no matter whether the beams associated with the lowest CORESET IDs over those slots are the same or not. 
UE will use the beams of the lowest CORESET ID in the latest monitored slot to receive and buffer signals in each of the slots, without knowing whether PDSCH is actually transmitted or not. If the QCL assumption of the lowest CORESET ID changes, UE would change its receive beam as well. When unified TCI being discussed in FeMIMO is introduced, it is possible that the CORESET with different lowest IDs share the same beam. However, when unified TCI is not applied, different beams may be used for CORESETs with different lowest CORESET IDs. For example, as discussed earlier, the beam width of CORESET #0 is usually wider than other CORESET IDs. In that case, UE would have to change its receiver beam in the monitored slot when the beam of the CORESET with lowest CORESET ID changes, without knowing whether PDSCH is actually transmitted on that slot or not. As a result, if multiple PDSCHs are scheduled over the slots with offset smaller than the timeDurationForQCL value, the default TCI states of the PDSCH would be different in general, according to the CORESET with the lowest COREST ID in the latest monitored slot.
Observation 5: In the slots with offset smaller than timeDurationForQCL, UE may receive and buffer signals in each slot using a different beam associated with the lowest CORESET ID of the latest monitored slot.
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Fig. 2 UE changes its Rx beams to receive and buffer signal 
From UE’s perspective, it is beneficial to transmit PDSCHs with the default TCI state assumption over those slots when the indicated TCI state is not decoded yet. Receiving multiple PDSCHs with different TCI states is not the optimum solution, but is a best effort solution to transmit as much data as possible, and as early as possible. Otherwise, multiple PDSCHs would have to be transmitted after timeDurationForQCL with the cost of scheduling latency. It is noted that beam switching gap would need to be introduced between 2 PDSCHs if their default TCI states are different. This issue can be handled by proper SLIV configuration together with the restrictions introduced in Section 2.3. In case SLIV configuration cannot handle the beam switching gap, the PDSCH symbol can be simply rate matched because both gNB and UE have the same understanding of the location of the symbol where beam switching occurs.
Proposal 5: At least for delay sensitive traffics, when the offset of the scheduled PDSCHs using single DCI is smaller than timeDurationForQCL, support receiving each of those PDSCHs with a default TCI state that is associated with a monitored search space with the lowest CORESET ID in the latest slot to that PDSCH.
From system efficiency’s perspective, new transmission rules may be specified for PDSCH whose scheduling offset is smaller than timeDurationForQCL. For example, only when a UE’s scheduled PDSCH’s default TCI state is the same as the TCI state associated with the PDCCH that schedules the PDSCH, the PDSCH is transmitted. If a UE’s scheduled PDSCH’s default TCI state is different from the TCI state associated with the PDCCH that schedules the PDSCH, then that UE’s PDSCH is actually not transmitted. The gNB can use those slots to transmit PDSCH to other UEs to achieve better system efficiency. 
Proposal 6: When multi-PDSCHs are scheduled by a single DCI and the offset of a PDSCH is smaller than timeDurationForQCL, consider the solution that a scheduled PDSCH is not transmitted when its default TCI state is not associated with the PDCCH that schedules the PDSCH.
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Fig. 3 Single beam assumption for PDSCH on the slots with offset smaller than timeDurationForQCL
Another agreement on multi-PDSCH/multi-PUSCH scheduling is the number of indicated TCI states:
Agreement:
Further study the following:
· For multi-PDSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate TCI state for each scheduled PDSCH
· For multi-PUSCH scheduling with a single DCI, study whether or not it is needed to indicate a separate SRI (indication of TCI can be further discussed) for each scheduled PUSCH
· Note: the study should take into account DCI overhead aspects
· Note: Applicability to multi-TRP can be discussed further

In the case of single-TRP scheduling, applying different TCI states to each of the scheduled PDSCH/PUSCH would bring too much overhead to the DCI. Although one company mentioned that using separate TCI states might be beneficial in the mobility use case, it is yet to be justified, and this mobility enhancement is not within the scope of the study. We do not see a sufficient strong motivation to introduce different TCI states for each of the PDSCH/PUSCH in the single-TRP case.
In the case of multi-TRP scheduling, it is already allowed to indicate 2 TCI states for repeated PDSCH transmitted from 2 TRPs. And 2 TCI states/SRI indicated for PUSCH repetition is also being discussed in FeMIMO. We think the designs of multi-TRP multi-PDSCH scheduling is of lower priority, depending on the progress of beam management of single-TRP and FeMIMO outcomes.
Proposal 7: In single-TRP scenario, do not indicate a separate TCI state/SRI for each scheduled PDSCH/PUSCH in Rel-17.
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK93][bookmark: OLE_LINK94]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 4.
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Fig. 4 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 5 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. 5 NR-U CSI-RS transmission scheme
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]Proposal 8: 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.
Observation 1: An increased number of beams may be used to handle the coverage issue caused by the larger path-loss for 52.6-71GHz. However, coverage enhancement is not in the scope of 52.6-71GHz Work Item.
Observation 2: For 480kHz/960kHz, supporting the same values for maxNumberRxTxBeamSwitchDL as in 120kHz is challenging for UE implementation as well as system resource utilization. The benefits of keeping the legacy beam switching values need to be justified.
Observation 3: This WI can discuss if the beam switching behavior between adjacent symbols is ambiguous in some cases and if it is necessary to clarify the definition of maxNumberRxTxBeamSwitchDL for those cases. 
Observation 4: At least for 960kHz SCS, current scheduling restrictions cannot protect the reception or transmission of a signal with a higher priority when an adjacent symbol carries a signal with a lower priority and using different beams.
Observation 5: In the slots with offset smaller than timeDurationForQCL, UE may receive and buffer signals in each slot using a different beam associated with the lowest CORESET ID of the latest monitored slot.

Proposal 1: Do not consider coverage enhancement using an increased number of beams and its corresponding beam management enhancements in this release.
Proposal 2: 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.
Proposal 3: Consider smaller values for maxNumberRxTxBeamSwitchDL in 480kHz and 960kHz, e.g., 2, 4, 7.
Proposal 4: Apply further scheduling restrictions on the adjacent symbol to the signal with a higher priority, when the adjacent symbol carries a signal with a lower priority and using different beams.
Proposal 5: At least for delay sensitive traffics, when the offset of the scheduled PDSCHs using single DCI is smaller than timeDurationForQCL, support receiving each of those PDSCHs with a default TCI state that is associated with a monitored search space with the lowest CORESET ID in the latest slot to that PDSCH.
Proposal 6: When multi-PDSCHs are scheduled by a single DCI and the offset of a PDSCH is smaller than timeDurationForQCL, consider the solution that a scheduled PDSCH is not transmitted when its default TCI state is not associated with the PDCCH that schedules the PDSCH.
Proposal 7: In single-TRP scenario, do not indicate a separate TCI state/SRI for each scheduled PDSCH/PUSCH in Rel-17.
Proposal 8: 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.
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«8.1.7.3 Scheduling availability of UE performing radio link monitoring on FR2.
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell..

- If the RLM-RS is CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS
is not in a CSI-RS resource set with repetition ON,.

- There are no scheduling restrictions due to radio link monitoring based on the CSI-RS..
- Otherwise-

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for
tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring..
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