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 Introduction
After the last RAN1 meeting during Rel-17 NR_ext_to_71GHz WI phase, namely RAN1 #107 e-meeting, all formal RAN1 discussions on Rel-17 NR above 52.6GHz including beam management had been finished. After the meeting, the CRs of PHY specifications 38.211/212/213/214/215 and 37.213 containing Rel-17 NR feature above 52.6GHz were distributed, discussed and updated by email discussion, and finally endorsed at plenary RAN #94 meeting in Dec. 2021. The formal Rel-17 PHY specifications were subsequently released. In this contribution, we provide our views on maintenance of beam management for Rel-17 NR above 52.6GHz.
 Discussion on beam management
2.1 QCL assumptions for multiple PDSCHs scheduled by a single DCI
After RAN1#107-e meeting, the following two alternatives on update of activated TCI states for multiple PDSCHs scheduled by a single DCI were discussed during draft CR discussion phase:
· Alt 1: When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
· Alt 2 (Proposal 2.1-b): When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
In RAN1#107bis-e meeting, above two alternatives were further discussed and another alternative as follows was proposed, but no conclusion was reached.
· Alt 3 (Proposal 2.1-e):  When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with higher payer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH. 
For Alt 1 and Alt 2, the main difference is whether the indicated TCI state should be determined based on the activated TCI states in the slot of each PDSCH, or based on the activated TCI states in the first slot with scheduled PDSCHs, as reflected in the Alt 1 and Alt 2, respectively. In WI phase, we have agreed to apply single QCL assumption for all scheduled PDSCHs by a single DCI if the offsets for these PDSCHs ≥ timeDurationForQCL (i.e. Case 1-1). For this reason, we think the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCHs. Furthermore, the indicated TCI state is applied for all scheduled PDSCHs whose offset is larger than timeDurationQCL. Above rule aligns with the previous agreement. But if the indicated TCI state is based on the activated TCI states in the slot with each scheduled PDSCH, we do not know how a DCI indicates a same TCI state for all these PDSCHs but with different activated TCI states. So we think Alt 1 can be precluded.
For Alt 2 and Alt 3, the main difference is whether to restrict the gNB behavior of disallowing a MAC-CE update over the span of the multi-PDSCH scheduling. But there is no difference between multi-PDSCH scheduling and multi-slot PDSCH scheduling in terms of the activated TCI state restriction. Moreover, the span length of the multi-PDSCH scheduling in FR2-2 is no longer than that of multi-slot PDSCH scheduling in FR1/FR2-1. There is no reason to abandon this rule in Rel-17 FR2-2. Thus we should not define different activated TCI states restriction for above two scheduling types.
To sum up, we prefer Alt 2. However, there is still the need to make a small wording change to make it applicable to both multi-PDSCH scheduling and multi-slot PDSCH scheduling. For multi-PDSCH scheduling, the indicated TCI state should be based on the activated TCI states in the first slot with all scheduled PDSCHs, not each PDSCH. So “... in the first slot with the scheduled PDSCH(s)” in Alt 2 could be better. The corresponding TP#1-1 can be adopted. If we modify based on Alt 3, same gNB restriction on MAC-CE updates as for multi-slot PDSCH scheduling should be added. The corresponding TP#1-2 can be adopted.
Proposal 1: For multi-PDSCH scheduling by a single DCI, adopt either of TP#1-1 or TP#1-2 in TS 38.214.
· the indicated TCI state should be based on the activated TCI states in the first slot with all the scheduled PDSCHs. 
· same gNB restriction on MAC-CE updates as for multi-slot PDSCH scheduling should be applied.

·  TP#1-1 for TS 38.214
============================== Start of TP#1-1 for TS 38.214 ===============================
5.1.5 Antenna ports quasi co-location
*** Unchanged text omitted ***
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH(s), and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and a corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
*** Unchanged text omitted ***
============================== End of TP#1-1 for TS 38.214 ===============================

·  TP#1-2 for TS 38.214

============================== Start of TP#1-2 for TS 38.214 ===============================
5.1.5 Antenna ports quasi co-location
*** Unchanged text omitted ***
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with higher payer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH(s). When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and a corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
*** Unchanged text omitted ***
============================== End of TP#1-2 for TS 38.214 ===============================
2.2 Beam switching gap
Table 1 shows the lengths of CP with SCSs = 120/480/960 kHz respectively. As shown in Table 1, we can see at least for SCSs = 120 kHz, NCP lengths can cover delay spread, time errors as well as beam switching time. However, for SCSs = 480/960 kHz, larger SCSs reduces the budget for timing errors and beam switching, and thus it is difficult to ensure that beam switching can be done within the lengths of NCP, if beam switching needs a long time.
Table 1: the lengths of CP with each SCS supported in above 52.6GHz
	u
	SCS 
(kHz)
	Slot
length
(us)
	Symbol length
	NCP length


( and )
	NCP length

( or

)

	3
	120
	125
	8333 ns
	586 ns
	1107 ns

	5
	480
	31.25
	2083 ns
	146 ns
	667 ns

	6
	960
	15.625
	1042 ns
	73 ns
	594 ns


In the reply LS R1-2106425 [1] from RAN4 to RAN1, for gNB beam switch time (beam direction switch only), RAN4 tentatively agrees [59 ns] with the understanding that the value can be confirmed once open issues related to BS output power are resolved. But for UE beam switch time (beam direction switch only), RAN4 has not decided yet and will further study. However, even if the lengths of CP with new SCSs 480/960 kHz are not enough for beam switching, the existing NR specifications have enough flexibility to support beam switching for non-SSB channels/signals transmission. For non-SSB channels/signals transmission cases, gNB can reserve a separate guard time (one or more full symbols) for beam switching by configuration implementation. But in the spirit of compromise, we agree to introduce a UE capability to report the beam switching time it can support.
Proposal 2: Introduce a UE capability for the UE reporting the beam switching time it can support.
2.3 Default value of additional beam switching time delay
In RAN1#107bis-e meeting, the following agreement related to additional beam switching time delay d is reached in 8.15.2 UE features for above 52.6GHz. In case where the triggering PDCCH and the triggered AP-CSI-RS have different SCSs, additional delay d is applied when µPDCCH < µCSIRS. With additional delay d, the total beam switch threshold for AP-CSI-RS equals to beamSwitchTiming + d . In fact, for additional delay d of 15/30/60kHz and 120kHz, we have not introduced any UE capabilities. For additional delay d of 480kHz, we introduce an UE capability signaling which indicates 56 symbols or 112 symbols. 
Agreement:  Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown	
	24. NR_ext_to_71GHz
	24-10
	Additional beam switching time delay
	Supported additional beam switching time delay d for 480 kHz SCS
	
	Yes
	N/A
	[Additional beam switching time delay is not supported]
	[Per UE/per band]
	N/A
	N/A
	N/A
	Candidate value set: 56 or 112 symbols
	Optional with capability signalling


Note: continue discussion on whether to define default values or whether UEs need to signal this FG is supported if one or more other FG is supported 
One remaining issue is that whether to define a default value or whether an UE needs to signal the FG of additional d is supported if one or more other FG is supported. If the UE only supports 112 symbols, we don't think it is necessary to force the UE to report its capability. We propose additional delay d = 112 symbols as the basic UE capability and d = 56 symbols as the optional UE capability. If the UE does not report its capability, d = 112 symbols can be used as default UE capability.
Proposal 3: We propose that additional beam switching time delay d = 112 symbols as the basic UE capability and d = 56 symbols as the optional UE capability. If the UE does not report its capability, d = 112 symbols can be used as default UE capability.
 Conclusion
In this contribution, we discuss beam management enhancements for NR above 52.6 GHz band operation and have the following proposals.
Proposal 1: For multi-PDSCH scheduling by a single DCI, adopt either of TP#1-1 or TP#1-2 in TS 38.214.
· the indicated TCI state should be based on the activated TCI states in the first slot with all the scheduled PDSCHs. 
· same gNB restriction on MAC-CE updates as for multi-slot PDSCH scheduling should be applied.
Proposal 2: Introduce a UE capability for the UE reporting the beam switching time it can support.
Proposal 3: We propose that additional beam switching time delay d = 112 symbols as the basic UE capability and d = 56 symbols as the optional UE capability. If the UE does not report its capability, d = 112 symbols can be used as default UE capability.
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