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Introduction
In RAN1 #89, the following has been agreed for QCL assumptions [1]:

Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

In this contribution, we discuss further details on QCL assumptions.
Discussions
It has been agreed that spatial parameter(s) are included in QCL and used to indicate the beam related information. Including spatial parameter(s), 6 QCL parameters can be defined such as delay spread, Doppler spread, frequency shift, average received power, and received timing which has been used in LTE.
According to the scenarios and/or use cases, a subset of QCL parameters can be QCL-ed between downlink reference signals. For example, if multiple panels are used but not RF chains are not calibrated across panels, CSI-RS resources from different panels are QCL-ed for the subset parameters such as delay spread, Doppler spread and average received power as the panels are at the same geographical location while frequency shift, received time, and spatial parameter(s) are non-QCL-ed. In another example, if a DM-RS port is transmitted with a same beam and TRP for an associated CSI-RS port, the DM-RS port is QCL-ed with the CSI-RS port in terms of all 6 QCL parameters. The different subset of QCL parameters to indicate the QCL association between DL reference signals can be supported with multiple predefined QCL types.
Proposal-1: QCL types are predefined and QCL association between DL reference signals is indicated semi-statically or dynamically
The table 1 shows an example of QCL types and its associated QCL parameters. The QCL type 1 includes all QCL parameters including spatial Rx parameters which can be used for the cases when two resources share the same RF chain and the same beam including Omni-direction beam cases. The QCL type 2 includes Doppler frequency and Doppler shift and can be used for the cases when two resources share the same RF chain while different beam is used. 
The QCL type 3 includes spatial Rx parameters on top of the QCL type 2 and it can be used for the cases when two resources share the same RF chain and beam direction while the beam width for the two resources are different. For example, an SS block may use a wide beam and multiple periodic CSI-RSs use the same beam direction with a narrower beam width (e.g., hierarchical beam structure), the QCL type 3 can be indicated between an SS block and periodic CSI-RSs; therefore, a UE may search beams within the periodic CSI-RSs associated with a certain SS block which is selected by UE during initial access procedure or coarse beam search. 
The QCL type 4 is used for non-QCL-ed case. This QCL type may be considered as a default QCL assumption such that a UE may assume non-QCL-ed if there is no QCL configuration.
 
Table 1. QCL types and its associated QCL parameters
	Type of QCL parameter set
	QCL parameters
	Example pairs of RSs/RS resource
	Application case

	TYPE 1
	{Average received power, delay spread, Doppler spread, received timing, Doppler shift, spatial Rx parameters}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH/ CSI-RS resource
	Sharing the same beam between resources

	TYPE 2
	{Doppler spread, Doppler shift}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH and PDCCH/ CSI-RS resource
	Sharing the same RF with different beams

	TYPE 3
	{Doppler spread, Doppler shift, spatial Rx parameter(s)}
	SS block/ DM-RS for PDCCH (e.g., common search space)
SS block/ periodic CSI-RS
	Sharing the same RF with same beam direction but different beamwidth 

	TYPE 4
	N/A
	Between CSI-RS resources
Between DM-RS groups
	Use different RF chain (non-QCL-ed)



Proposal-2: the QCL types shown in the Table 1 is supported

Summary
This contribution discussed on the QCL assumptions in NR. Based on the discussions, we propose followings:
Proposal-1: QCL types are predefined and QCL association between DL reference signals is indicated semi-statically or dynamically
Proposal-2: the QCL types shown in the Table 1 is supported
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