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Introduction
The following has been agreed in RAN1 for QCL assumptions in NR [1][2]:

Agreements:
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined
Agreements:
· FFS indication of QCL assumption for CSI-RS to be associated with an SS block (e.g., SSS, PBCH DMRS (if defined)) and/or RS for fine time-frequency tracking (if it’s not CSI-RS)
· FFS: w.r.t. which QCL parameter(s)
Agreements:
· Confirm the following working assumption:
Working assumption:
· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.
· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).
· Support UE reporting for related information, if necessary.

In this contribution, we discuss further details on QCL assumptions for NR.
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 except for the spatial channel properties as it is used for demodulation when analogue beam is not involved. The QCL type 1 can be used for CoMP operation (e.g., DPS) for below 6GHz as similar to LTE. The QCL type 2 includes spatial channel properties on top of QCL type 1 and it can be used for demodulation when analogue beam is involved; therefore, if a UE is indicated with a CSI-RS resource which is type 2 QCL-ed with DM-RS, the UE can use a corresponding Rx beam to receive a PDSCH.
There could be a QCL type (e.g., QCL type 3) which supports a subset of QCL parameters to indicate the QCL association between CSI-RS resources in different panels at the same TRP. Therefore, a UE can measure the subset of QCL parameters across CSI-RS resources while the rest of QCL parameters can be obtained from a CSI-RS resource which is type-1 or type-2 QCL-ed with the DM-RS.
 
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, frequency shift}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH/ CSI-RS resource
	Demodulation without beam management
F/T tracking

	TYPE 2
	{Average received power, delay spread, Doppler spread, received timing, frequency shift, spatial parameter(s)}
	DMRS ports in a DMRS group
CSI-RS ports in a CSI-RS resource
DMRS group for PDSCH and PDCCH/ CSI-RS resource
	Demodulation with beam management
F/T tracking

	TYPE 3
	{Average received power, delay spread, Doppler spread}
	CSI-RS resource / CSI-RS resource
	Demodulation
(a subset of QCL parameters can be estimated across CSI-RS resources in different panels)

	TYPE 4
	{spatial parameter(s)}, e.g. PAS or AS of AoA/AoD at UE side
	SS block/ DM-RS for PDCCH (e.g., common search space)
	Beam management



Proposal-2: QCI types for demodulation with/without beam management are defined
Proposal-3: a QCI type for QCL association between CSI-RS resources in different panel 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: QCI types for demodulation with/without beam management are defined
Proposal-3: a QCI type for QCL association between CSI-RS resources in different panel is supported
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