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In RAN1 #106-bis-e meeting, a number of agreements were made regarding beam management for extending NR up to 71 GHz which are listed below [1]:
	Agreement:
For maxNumberRxTxBeamSwitchDL, support 1, 4 and 7 as candidate values for 960 kHz in addition to the agreed candidate value 2.
· Note: this is Alt-1 from the RAN1#106 agreement.


Agreement:
For additional beam switching time delay d of 120 kHz, support 28 symbols. 
· Note: this is Alt-2 from the RAN1#106 agreement.

Agreement:
For additional beam switching time delay d of 480 kHz, introduce UE capability signalling which indicates 56 symbols or 112 symbols.

Conclusion:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Note: this is Alt-1 from the RAN1#106 agreement.

Agreement:
Like in Rel-15, a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching is supported for 480 kHz and 960 kHz
· FFS: Whether to define different values of Y for 480 kHz and 960 kHz or not
· FFS: Values of Y dependent on RAN4 feedback on the switching time requirement

Agreement:
The working assumption in RAN1#106-e is confirmed with the following update:
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
· When two TCI states are indicated, reuse Rel-16 association rules to apply the two TCI states for each PDSCH scheduled by a multi-PDSCH scheduling DCI
· 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
· Within the TDRA table for multi-PDSCH scheduling, the UE does not expect to be configured with the higher layer parameter repetitionNumber



In this contribution, some remaining aspects related to beam management are discussed especially UE capability signaling for beam switch gap, minimal guard period between SRS resources for antenna switching, single QCL assumption vs. multiple QCL assumptions for multi-PDSCH transmission, UE assumptions on periodic RS transmission during LBT event, etc.
UE Capability Signaling for Beam Switching Gap
In one of our previous contributions, we explained the need of time gaps between certain signals/channels for beam switching [2]. In previous RAN1 #106-bis-e meeting, there was a discussion around supporting a UE capability for time required for beam switching [3]. Our basic understanding here is that a UE reports a certain amount of time it needs to switch a beam. Based on the reported value, the serving gNB decides whether it’s needed to configure a time gap for the UE between certain adjacent signals/channels based on one of existing frameworks (e.g., ZP-CSI-RS, RM resources, etc.). With this understanding, we support UE capability signaling for beam switching time. Typically, the exact values should be agreed based on the feedback from RAN4 and could be defined in absolute units, e.g., nanoseconds. However, if the response from RAN4 would not be available by RAN1 #107-e meeting, it is safe to allocate at least 1 symbol gap for beam switching for both 480 kHz and 960 kHz.
Proposal 1: Support UE capability signaling for beam switching time. The signaling may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz.
Also, a discussion happened in [3] around an expected behavior of UE, which indicates a need for beam switching gap, in different cases depending on the assumptions on QCL Type-D source RS for adjacent signals/channels. In particular, the cases with different QCL Type-D source RS, same QCL Type-D source RS or without QCL Type-D source RS were considered. However, our understanding is that RAN1 efforts to define the UE behavior for all the cases listed above is a bit redundant since the serving gNB, after receiving the UE capability for beam switch time, is aware about the potentially needed gaps. In this case, a simple following to the rules of 3GPP TS 38.306, which state that “the network needs to respect the signalled UE radio access capabilities when configuring the UE and when scheduling the UE” [4], is enough.

Discussion on Minimal Guard Period between SRS Resources for Antenna Switching
After RAN1 #106-bis-e meeting, a number of FFS points have remained regarding the minimal guard period between SRS resources for antenna switching, i.e., the value of Y symbols, in case of high SCS 480 kHz and 960 kHz. Currently, Y is equal to 1 symbol for FR1 and Y is equal to 2 symbols for FR2-1 (see Table 6.2.1.2-1 from TS 38.214 [5]). For SCS 480 kHz and 960 kHz a simple scaling of 2 symbols from SCS 120 kHz will result in the guard period of 8 symbols and 16 symbols, respectively, which are rather big numbers (for SCS 960 kHz, Y even exceeds the NR slot duration). This may result in problems with SRS mapping within a slot. Therefore, to minimize the specification impact it’s proposed to keep Y=2 for both SCS 480 kHz and 960 kHz. However, there may be a feedback from RAN4 about antenna switching time requirements for a UE which may result in a greater guard period than the tentative Y=2 for SCS 480 kHz and 960 kHz. To cover this situation, it’s proposed to introduce an optional UE capability for guard period of SRS antenna switching for SCS 480 kHz and 960 kHz. It’s assumed that without this capability reported, the guard period is equal to the minimal value Y=2, otherwise, the value indicated in the capability signalling is used.
Proposal 2: The minimal guard period between SRS resources for antenna switching for SCS 480 kHz and 960 kHz is Y=2.
Proposal 3: Depending on the availability of RAN4 feedback on antenna switching time requirements for a UE, introduce an optional UE capability for guard period of SRS antenna switching. When this capability is not reported, the minimal value of Y=2 is assumed for the guard period for antenna switching between SRS resources with SCS 480 kHz and 960 kHz. Otherwise, the value indicated in the capability signalling is used.

Discussion on QCL Assumptions and TCI States for Multi-PDSCH/PUSCH Transmission
In case of multi-PDSCH transmission, an important aspect is QCL assumption(s) the UE should apply when scheduling offset of some PDSCH(s) is less than timeDuraionForQCL. It can be reformulated in terms of the default QCL assumption(s) (e.g., the default beam) the UE can use when the TCI state(s) indication from DCI is not available or not ready. One solution here is to specify UE behavior in case of multi-PDSCH in such a way that one TCI state from the semi-statically configurated PDSCH TCI states for the UE corresponds to the default QCL assumption. For example, it could be a TCI state with the lowest ID or TCI state normally corresponding to the lowest codepoint of the TCI bit field from the scheduling DCI.
It should be clarified that we assume a single QCL per TRP (which is the default one in Case 2) for all scheduled PDSCH transmissions from multi-PDSCH regardless of what is indicated in the scheduling DCI. Previously, the switching of Tx beam including the default one during multi-slot PDSCH transmission may have been used to provide some kind of spatial diversity as PDSCH was repeated in the time. As for NR in FR2-2, RAN1 is not going to design multi-PDSCH with time repetitions. So, the beam switching during multi-PDSCH transmission is less justified. In NR FR2-2 for multi-PDSCH scheduled with a single DCI, the same MCS is assumed for all transmitted TBs. But the Tx beam may differ from one PDSCH to another PDSCH, i.e., from one TB to another TB in case we would allow multiple QCL assumptions. This looks strange for us. At the same time, multi-PDSCH operation relying only on a single Tx beam same for all PDSCH transmissions (which is the default one in Case 2) is much simpler and, therefore, should be supported.
Proposal 4: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption, which corresponds to one of the semi-statically configured PDSCH TCI states for the UE, to all scheduled PDSCH transmissions, i.e., single QCL assumption.
Proposal 5: The default QCL assumption for multi-PDSCH transmission in Case 2, is the QCL parameter(s) (one per TRP in case of multi-TRP) associated with TCI state(s) corresponding to the lowest codepoint among the TCI codepoints containing activated TCI states.

Discussion on UE Assumptions on Periodic Signal Transmission and LBT Operation
In the latest RAN1 meeting, some discussion happened around handling periodic reference signal (RS) transmissions in case of LBT events. It was identified that inability to transmit periodic RS due to LBT failure could be interpreted at the receiver as beam failure since the measurements of periodic RS are actively used for beam failure detection. Among the proposals there were even ones to introduce a mechanism to distinguish between LBT failures and beam failures. However, the existing well-defined procedures for beam failure detection (BFD) and beam failure recovery (BFR) could be used by the UE to implicitly determine highly congested Tx beam and select another one less congested. Particularly, multiple LBT failures, happened at L1 during the configured time interval (determined by the BFD timer), cause a number of beam failure indications at MAC level so that the threshold beamFailureInstanceMaxCount is exceeded and BFR is triggered. These multiple LBT failures during the limited period are good evidence that a particular beam is highly congested, and UE would rather switch to another beam.
Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.

Conclusions
In this contribution, we discussed some beam management aspects. In particular, UE capability signaling for beam switch gap and minimal guard period between SRS resources for antenna switching. Additionally, we presented our views on single QCL assumption vs. multiple QCL assumptions for multi-PDSCH transmission scheduled with a single DCI and UE assumptions on periodic RS transmission in case of LBT events. The following is a summary of our proposals:

Proposal 1: Support UE capability signaling for beam switching time. The signaling may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz.

Proposal 2: The minimal guard period between SRS resources for antenna switching for SCS 480 kHz and 960 kHz is Y=2.

Proposal 3: Depending on the availability of RAN4 feedback on antenna switching time requirements for a UE, introduce an optional UE capability for guard period of SRS antenna switching. When this capability is not reported, the minimal value of Y=2 is assumed for the guard period for antenna switching between SRS resources with SCS 480 kHz and 960 kHz. Otherwise, the value indicated in the capability signalling is used.

Proposal 4: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption, which corresponds to one of the semi-statically configured PDSCH TCI states for the UE, to all scheduled PDSCH transmissions, i.e., single QCL assumption.

Proposal 5: The default QCL assumption for multi-PDSCH transmission in Case 2, is the QCL parameter(s) (one per TRP in case of multi-TRP) associated with TCI state(s) corresponding to the lowest codepoint among the TCI codepoints containing activated TCI states.

Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.
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