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[bookmark: _Ref506539118]Introduction
The beam management AI of the WI on NR extension up to 71 GHz was finished in the latest RAN1 #107bis-e meeting with the following outcome [1]:
	[bookmark: _Hlk93841801]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 some of the remaining aspects related to beam management for NR up to 71 GHz WI.
Remaining Issues on Beam Management
In RAN1 #107-bis-e meeting, the decision on the minimum guard period between two SRS resources (i.e., Y number of OFDM symbols) for SCS 480 kHz/960 kHz was postponed till the feedback from RAN4 group. However, the time interval required from the UE for antenna switching was not discussed in the latest RAN4 meeting. In the absence of the recommended Y values from RAN4, it’s proposed to agree on a tentative Y value for SCS 480 kHz/960 kHz in RAN1. 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 [2]). 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.
To account for the future feedback from RAN4, 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 1: The minimal guard period between SRS resources for antenna switching for SCS 480 kHz and 960 kHz is Y=2.
Proposal 2: 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.

An introduction of UE capability for beam switching is an aspect a discussion around which was not concluded during RAN1 #107-e and #107-bis-e meetings. Regarding this aspect, we would like to share our understanding that a UE reports a certain amount of time it needs to switch a beam, and the serving gNB decides whether it’s needed to configure a time gap for the UE between certain adjacent signals/channels based on the reported value. It is safe to allocate at least 1 symbol gap for beam switching for both 480 kHz and 960 kHz.
Also, in RAN1 #107-e meeting, a discussion happened 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. However, our understanding is that RAN1 efforts to define the UE behavior for all cases are 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” [3], is enough.
Proposal 3: 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.

During the e-mail discussion around CRs for TS 38.214 before RAN1 #107-bis-e, there was an issue arose regarding which activated TCI states UE should assume to use during multi-PDSCH transmission when it gets TCI states indication. Two approaches were discussed where in the first approach the activated TCI states for the first PDSCH were assumed by the UE, similar to multi-slot PDSCH of Rel-16 where UE assumes the activated TCI states for the first scheduled slot are for the whole multi-slot PDSCH. In the alternative approach, the UE assumes activated TCI states per each PDSCH from multi-PDSCH transmission (i.e., activated TCI states may potentially be different across PDSCHs). In RAN1 #107-bis-e, this discussion tentatively converged to the first approach, i.e., the UE assumes the indicated TCI states are based on the activated TCI states for the first PDSCH from multi-slot PDSCH transmission. However, the remaining aspect here is whether the same activated TCI states are expected by the UE across slots with multi-PDSCH transmission or not. To address it, the most straightforward approach is to completely reuse the same rule as for multi-slot PDSCH, i.e., the UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCHs.
============================== Start of TP 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 PDSCHs. 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 ***
============================== End of TP for TS 38.214 ===============================
Proposal 4: 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 PDSCHs.

In RAN1 #104 in the beginning of the WI on NR extension up to 71GHz, the group made the following agreement regarding multi-PDSCH operation [4]:
	Agreement:
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)



In RAN1 #107, the following agreement was taken regarding multi-TRP case of multi-PDSCH transmission:
	Agreement
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.



Therefore, it seems that the repetition scheme ‘tdmSchemeA’ is supported for multi-TRP case of multi-PDSCH transmission. Moreover, there is no any explicit agreement made by RAN1 that excludes this scheme except maybe the aforementioned agreement from RAN1 #104. In order to avoid any misunderstanding, it proposed to explicitly clarify where the repetition scheme ‘tdmSchemeA’ is supported for multi-TRP case of multi-PDSCH operation or not.
Proposal 5: RAN1 should clarify whether repetition scheme ‘tdmSchemeA’ is supported for multi-TRP case of multi-PDSCH operation.

Conclusions
In this contribution, we discussed some beam management aspects. The following is a summary of our proposals:
Proposal 1: The minimal guard period between SRS resources for antenna switching for SCS 480 kHz and 960 kHz is Y=2.
Proposal 2: 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 3: 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 4: 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 PDSCHs.
Proposal 5: RAN1 should clarify whether repetition scheme ‘tdmSchemeA’ is supported for multi-TRP case of multi-PDSCH operation.
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