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Introduction
In RAN1 NR AH #3, the following has been agreed for QCL [1]:

Agreement:
· 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)
Agreement:
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· After RRC configuration of TRS and CSI-RS for below 6 GHz for single TRP
· SSB (can be from a different CC) + TRS + CSI-RS for CSI acquisition + DMRS for PDSCH
· SSB  TRS: [Doppler shift, average delay]
· Type A: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
· [bookmark: _Hlk493579818]TRS/CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· FFS: Type B: 
· TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
· CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
· Study whether the widebeam TRS can be QCLed referenced for a narrow beam CSI-RS
· Study whether widebeam CSI-RS can be QCLed with a narrow beam DMRS
· After RRC for above 6 GHz
· RS combinations holding QCL assumptions TBD.

In this contribution, we discuss remaining details on QCL assumptions.
Discussion
QCL association between CSI-RS and SS block
It has been agreed that a UE optionally supports L1-RSRP measurement jointly using CSI-RS and SS block which may be beneficial when L1-RSRP measurement solely from SS block is not accurate enough due to its limited bandwidth. Therefore, periodic CSI-RSs corresponding to SS blocks can be configured for better L1-RSRP measurement, where the periodic CSI-RSs and its associated SS blocks need to be QCL-ed at least for {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}. Furthermore, transmission power ratio between a periodic CSI-RS and its associated SS block should be also signalled. In this case, antenna port(s) of NZP-CSI-RS and its associated SS block can be QCL-ed w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}. For the sake of simplicity, the transmission power ratio can be a fixed number.
Proposal-1: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
The support of spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS block of a cell has been agreed as it may allow a reduced complexity of beam management. For example, a widebeam is used for an SS block and one or more narrow beams within the range of the widebeam could be used for CSI-RS resources. Thus, a single SS block could be QCL-ed with one or more CSI-RS resources, where the one or more CSI-RS resources are not QCL-ed. In this scenario, beam search procedure at a UE side could be simpler as a UE first determines a wider beam by selecting an SS block and then the UE searches narrower beams from the one or more CSI-RS resources QCL-ed with the SS block. Since the beam width is different for an SS block and CSI-RS resources spatial QCL-ed with the SS block, a QCL type including {Doppler shift, Doppler spread, spatial Rx parameters} can be supported between CSI-RS and SS block in this case. Therefore, antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {Doppler shift, Doppler spread, spatial Rx parameters} 
Proposal-2: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {Doppler shift, Doppler spread, spatial Rx parameters}

QCL association between CSI-RSs for beam management and CSI acquisition
NR supports two types of CSI-RS such as CSI-RS for CSI acquisition and CSI-RS for beam management. The number of CSI-RS ports for beam management has been limited to one or two antenna ports based on the agreements so that an excessive RS overhead can be avoided as beam sweeping with a large number of CSI-RS ports will require a significant amount of CSI-RS overhead. A larger number of CSI-RS ports (e.g., 16 or 32 ports) can be used after beam pairing procedure to acquire CSI, thus requiring two types of CSI-RS in high frequency for beam management and CSI acquisition separately. Since the determined beam pair link should be used for the CSI-RS for CSI acquisition, at least QCL association w.r.t. {spatial Rx parameter} between CSI-RS for beam management and CSI-RS for CSI acquisition needs to be supported and agreed in RAN1. On the of the QCL type having {spatial Rx parameter}, another QCL type having {average delay, delay spread, Doppler shift, Doppler spread} can be also supported for the QCL association between those two types of CSI-RSs since it could provide the benefit of reusing some of the QCL parameters when a UE measures channel from the CSI-RS for CSI acquisition. Note that an exactly same beam can be used for one of the CSI-RS resources for beam management and a CSI-RS resource for CSI acquisition.
Proposal-3: antenna port(s) of NZP-CSI-RS can be QCL-ed with antenna port(s) of another NZP-CSI-RS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}

QCL indication with N-bit indicator in DCI
It has been agreed that N-bit indicator fields in DCI which is used for the QCL relationship indication between DM-RS ports(s) of PDSCH and RS within an RS set, where the RSs within the RS set could be a different type. The RS types potentially in an RS set includes at least periodic CSI-RS and SS block as those RS types have been agreed to use for beam management already. Also, a semi-persistent CSI-RS may have the same property as periodic CSI-RS after activated so that the use of a semi-persistent CSI-RS as an RS type seems to also make sense. However, for the aperiodic CSI-RS, it is unclear that a UE can maintain the Rx beams with a single CSI-RS transmission and its quality of the beam measurement. Therefore, it would be safer not to include aperiodic CSI-RS as a RS type in the RS set.
Proposal-4: aperiodic CSI-RS is not supported for QCL association indication in the N-bit indicator fields
In LTE, PQI state has been used to indicate the QCL association between CSI-RS resource and DM-RS of PDSCH, where the PQI state includes PDSCH rate matching information as well. Those PQI bit field is present only when a UE is configured with a specific transmission mode. However, in NR, regardless of transmission mode configured, the rate matching resources should be indicated as aperiodic CSI-RS and semi-persistent CSI-RS are used. Considering that the rate matching resources are the same for all UEs scheduled in a same slot, it makes more sense to send the rate-matching resource information in a group common DCI when it is needed. Note that since those few bits may be signalled in a group common DCI only when it is needed, the signalling overhead could be much lower than the case that PQI bit field is signalled in all downlink DCIs in all slots. Therefore, the rate-matching resource for PDSCH should be not signalled together with QCL indication in the DCI associated with PDSCH.
Proposal-5: PDSCH rate-matching resource indication is not signalled together with QCL indication in the DCI associated with PDSCH.
Summary
This contribution discussed on remaining issues for QCL association. Based on the discussion, we propose followings:
Proposal-1: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-2: antenna port(s) of NZP-CSI-RS can be QCL-ed with SS block w.r.t. {Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-3: antenna port(s) of NZP-CSI-RS can be QCL-ed with antenna port(s) of another NZP-CSI-RS w.r.t. {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}
Proposal-4: aperiodic CSI-RS is not supported for QCL association indication in the N-bit indicator fields
Proposal-5: PDSCH rate-matching resource indication is not signalled together with QCL indication in the DCI associated with PDSCH.
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