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In RAN meeting #88, AH#03, and #92, the following agreements and conclusion were approved [1-3]:
	Agreement (RAN1# 88) :
· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can’t be assumed to be QCL-ed 
· FFS the case of spatial domain QCL assumptions especially related to carrier frequency

Agreement (RAN1 AH#3) :
· The source and target RSs of a QCL configuration can be in the same CC or in different CCs by configuration
· Above is supported at least for CCs with same numerology in the same band from UE perspective
· FFS: Whether all or part of QCL parameters are derived from the reference CC
· FFS: Specification details on restriction on using this configuration (e.g.: based on UE capability, UE report)
Conclusion:
· RAN1 to discuss at least the following combinations of DL physical channels and reference signals for the simultaneous reception assuming FR2 operation:
…

· RAN1 to discuss at least the following combinations of UL physical channels and reference signals combinations for the simultaneous transmission assuming FR2 operation:
…

· RAN1 to consider at least the following solutions:
· Skipping transmission of reference signal / physical channel, e.g. QCL assumptions are not the same
· Overriding QCL assumptions
· Prioritization of the processing of one physical channel /signal over another 
· NW configuration should ensure the same QCL assumption for the physical channel /signal
· Other solutions are not precluded


 In this contribution, we discuss QCL across CCs.
UE capability
In the beam management section, we had discussed the UE could receive signal either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters if UE supports group based beam reporting. This may also imply that the UE has the capability of receiving signal across CCs with different Rx beams. For example, PDSCH transmitted across CCs may not be necessary to be aligned with the same Rx beam through spatial QCL assumption among multiple CCs, if UE could simultaneously receive PDSCH on each CC with different spatial domain receive filters. The maximum number of Rx beams that could simultaneously receive signal across CCs depends on the UE capability.
Proposal 1: UE should report the capability of the maximum number of Rx beams that could simultaneously receive signal across CCs.
QCL across CCs
It had been agreed that antenna port(s) transmitted on different CCs can’t be assumed to be QCLed by default, which means that UE cannot infer the channel properties of antenna ports on a CC from the antenna ports on another CC without QCL-related configuration/indication because the gNB may not ensure the relation of channel parameters among CCs. We also had the agreement that the source RS and target RSs of a QCL configuration can be in different CCs by configuration. However, so far, it is still not clear how the gNB decides whether RSs can be spatial Rx QCLed in different CCs. The signal received at UE side may not utilize the same Rx beam on different CCs even with the same Tx beam due to channel variance in frequency domain or due to the UE in the NLOS scenario. In other words, the beam pair link of the best beamformed channel quality may not be the same in different CCs. In this case, if the target RS on the secondary CC is spatial Rx QCLed with reference RS on the primary CC, the target RS may be forced to align the same Rx beam as reference RS received even though target RS could be received with another Rx beam for experiencing better channel quality. Hence, before gNB configures spatial QCL across CCs, system should perform beam management on each CC to configure proper QCL assumption.
Proposal 2: Before gNB configures spatial QCL across CCs, system should perform beam management on each CC.
Beam management on each CC
Besides, even if UE reports the same preferred Tx beam on each CC, the UE may not receive signal with the same Rx beam, as shown in Fig. 1. Because no Rx beam index feedbacks to gNB side, gNB may schedule PDSCH across CCs with the same Tx beam and UE may receive PDSCH with different Rx beams. In this case, the UE may not perform DL reception via Rx beams simultaneously. Since the UE has the sufficient information of Rx beams on each CC, UE should feedback spatial Rx parameter related information to assist gNB in configuring QCL assumption among CCs.
Proposal 3: UE should feedback spatial Rx parameter related information to assist gNB in configuring QCL assumption among CCs.
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Figure 1 QCL across CCs
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Proposal 1: UE should report the capability of the maximum number of Rx beams that could simultaneously receive signal across CCs.
Proposal 2: Before gNB configures spatial QCL across CCs, system should perform beam management on each CC.
Proposal 3: UE should feedback spatial Rx parameter related information to assist gNB in configuring QCL assumption among CCs. 
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