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Introduction
In RAN1#107bis-e [3], the following agreements on beam management for new SCSs were made:
	[bookmark: _Hlk93841801][bookmark: _Hlk63407815]Conclusion
Multiple SRIs for multi-PUSCHs by a single DCI are not supported in Rel-17.
 
Agreement
For maxNumberRxTxBeamSwitchDL, reuse the following candidate values {4, 7, 14} of 120 kHz in FR2-1 for 120 kHz in FR2-2.       
 
Agreement
Support the value of BeamAppTime_r17 for 120 kHz SCS in FR2-2 as the same value for 120 kHz in FR2-1.
Support the value of BeamAppTime_r17 for 480 kHz SCS as 4 times its value for 120 kHz.
Support the value of BeamAppTime_r17 for 960 kHz SCS as 8 times its value for 120 kHz.


R1-2200783	[Draft] LS on a minimum guard period between two SRS resources for antenna switching	InterDigital
Final LS is endorsed in R1-2200796, changing “kindly” to “respectfully”.


The TP below for section 5.1.5 of TS38.214v17.0.0 is endorsed
============================== Start of TP for TS 38.214 ===============================
5.1.5 Antenna ports quasi co-location
*** Unchanged text omitted ***
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 the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
*** Unchanged text omitted ***
If the PDCCH carrying the scheduling DCI is received on one component carrier, and a the PDSCH scheduled by that DCI is on another component carrier:
-    The timeDurationForQCL is determined based on the subcarrier spacing of the scheduled PDSCH. If µPDCCH < µPDSCH an additional timing delay  is added to the timeDurationForQCL, where d is defined in 5.2.1.5.1a-1, otherwise d is zero;
-    When the UE is configured with enableDefaultBeamForCCS, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, or if the DL DCI does not have the TCI field present, the UE obtains its QCL assumption for the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
*** Unchanged text omitted ***
============================== End of TP for TS 38.214 ===============================

Conclusion
From RAN1 perspective, there is no consensus to enhance beam management for shared spectrum operation in Rel-17. 




In this contribution, we discuss potential issues and text proposals on beam management enhancements for new SCSs in 52.6 – 71GHz.
Discussions
Minimum guard period Y between two SRS resources of an SRS resource set for antenna switching 
In RAN1#106bis-e [1], support of a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching was agreed for 480 kHz and 960 kHz. The value of the guard period Y expressed in number of symbols is specified in 38.214 Table 6.2.1.2-1 as follows [4]:
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2


Table 1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
As most of timing related values are scaled based on the absolute time durations, if we simply extrapolate the required values for 480KHz and 960KHz relative to 120KHz, we will end up with 8 and 16 symbols respectively. It is important to support small values for the antenna switching gap considering multiplexing of multiple UEs in a cell, however, the mandatory small values may be burdensome to UE implementation, especially for low implementation UEs. Having said that, we propose to introduce a UE capability to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are mandatory values for 480 kHz and 960 kHz, respectively. 
Observation 1: The simple extrapolation of the number of symbols required for antenna switching gap with SRS resource set transition will lead to 8 and 16 blanked symbols respectively for 480 and 960KHz SCS if we use the absolute time duration for low SCSs.
Observation 2: Supporting low values of antenna switching gap would bring efficient NR operation in 52-71GHz. 
Proposal 1: Introduce a UE capability signaling to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are mandatory values for 480 kHz and 960 kHz, respectively.
Support of UE capability signaling for Rx and Tx beam switching 
During the email discussion in RAN1#107-e [5] and RAN1#107bis-e [6], whether to support UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction (i.e., beam switching gap). According to the discussion, the following aspects should be further discussed for the UE capability signaling:
· How to define the UE capability signaling (e.g., per UE, per link (DL or UL), per signal/channel or etc.)
· Granularity of beam switching gaps (e.g., ns or symbols)
· Values of beam switching gaps (e.g., 60 ns for 960 kHz and 120 ns for 480 kHz)
In addition, the following aspects should be further discussed for the scheduling restriction:
· Types of DL signals/channels to be supported.
· Types of UL signals/channels to be supported.
· How to support the scheduling restriction between different QCL Type-D/spatial relation info signals/channels.
· Two signals/channels with different QCL Type-D/spatial relation info assumptions.
· One signal/channel with QCL Type-D/spatial relation info assumption and another signal/channel without QCL Type-D/spatial relation info assumption.
· Two signals/channels without QCL Type-D/spatial relation info assumptions.
· Two signals/channels with same QCL Type-D/spatial relation info (e.g., for beam switching)
· Granularity of scheduling restriction (e.g., based on exact amount of beam switching gap (e.g., ns) or symbol level beam switching gap)
Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support. Having said that, focusing on UE capability signaling design would be an efficient working solution rather than focusing all the possible cases for the scheduling restriction. For the scheduling restriction, we strongly believe that the issue can be handled by gNB implementation.
Observation 3: For UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction, further discussions are essential for the specification support. Especially, various corner cases should be considered for the scheduling restriction.
Observation 4: Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support.
Observation 5: Based on the reported value, beam switching time gap can be handled by gNB implementation. 
Proposal 2: Introduce a UE capability signaling for Rx and Tx beam switching without any scheduling restriction. 
Support of multiple beams for multi-PDSCH/PUSCH scheduling
In RAN1#107-e [2], support of multiple QCL assumptions for both single TRP and multi-TRP operations are agreed.  Based on the agreement, how to determine the activated TCI states for multi-PDSCH scheduling by a single DCI was discussed in RAN1#107bis-e. The first alternative was to determine the activated TCI states based on the first PDSCH. In this alternative, the activated TCI states could be same for every slot of the scheduled multi-PDSCH. On the other hand, the second alternative was to determine the activated TCI state for each slot. This alternative is to follow the design principle of TCI state determination rule for multi-PDSCH, however, the activated TCI states for each slot can be different. During the discussion in RAN1#107bis-e [3], the discussion was concluded to determine the activated TCI states based on the first PDSCH. However, the final text proposal was not endorsed as RAN1 couldn’t reach the consensus to endorse one of the following two text proposals for the specification. 
	Text proposal 1
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, 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 ***



	Text proposal 2
5.1.5	Antenna ports quasi co-location
*** Unchanged text omitted ***
[bookmark: _Hlk95217956]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 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. 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 ***



[bookmark: _Hlk95220356]The difference between the two text proposals in the above is whether to include “UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH” or not. TP#1 includes the limitation which is supported from Rel-16, so gNB should not activate new TCI states during multi-PDSCH transmission. On the other hand, TP#2 allows new TCI state activation signaling, however the UE does not activate the newly indicate TCI states until the end of multi-PDSCH transmission. As multi-PDSCH transmission is a general transmission method in FR2-2 and application time of MAC CE based TCI state activation, it is desired to have a flexible indication timing while the application could be done when multi-PDSCH transmission is finalized. 
Observation 6: As multi-PDSCH transmission is a general transmission method in FR2-2 and application time of MAC CE based TCI state activation, it is desired to have a flexible indication timing while the application could be done when multi-PDSCH transmission is finalized.  
Proposal 3: Support TP#2 for 38.214. 
	Text proposal 2
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 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. 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 ***


Summary
In this contribution, we discussed the issues for beam management enhancements of NR in 52.6 – 71 GHz. From the discussions, we made the following observations and proposals: 
Observation 1: The simple extrapolation of the number of symbols required for antenna switching gap with SRS resource set transition will lead to 8 and 16 blanked symbols respectively for 480 and 960KHz SCS if we use the absolute time duration for low SCSs.
Observation 2: Supporting low values of antenna switching gap would bring efficient NR operation in 52-71GHz. 
Observation 3: For UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction, further discussions are essential for the specification support. Especially, various corner cases should be considered for the scheduling restriction.
Observation 4: Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support.
Observation 5: Based on the reported value, beam switching time gap can be handled by gNB implementation. 
Observation 6: As multi-PDSCH transmission is a general transmission method in FR2-2 and application time of MAC CE based TCI state activation, it is desired to have a flexible indication timing while the application could be done when multi-PDSCH transmission is finalized.  
Proposal 1: Introduce a UE capability signaling to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are mandatory values for 480 kHz and 960 kHz, respectively.
Proposal 2: Introduce a UE capability signaling for Rx and Tx beam switching without any scheduling restriction.
Proposal 3: Support TP#2 for 38.214. 
	Text proposal 2
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 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. 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 ***
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