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1. Introduction
In RAN1#87b, it was agreed to extend QCL framework with new spatial QCL parameters to support UE side beamforming/receiving procedure. Furthermore, in RAN1#87, a working assumption on spatial parameters was agreed.  
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.

2. Spatial domain QCL 
The motivation of extending QCL framework to spatial domain is to explicitly define “beam” to assist UE beamforming. It is straight forward to consider the typical spatial properites such as angle of arrival (AOA) and angle spread of arrival (ASA). Note that using AOA and ASA in QCL doesn’t necessarily require a specific definition on AOA and ASA itself: it will be implicitly defined in the QCL test case to be defined in RAN4. 
Proposal 1: Include angle of arrival (AOA) and angle spread of arrival (ASA) in QCL assumption. 

Meanwhile, it is important to keep it in mind that the received AOA and ASA is very much related to the receiver beamforming algorithm. E.g. a UE with large number of antenna elements and strong analog beamforming capability may form-up much narrower receiver beam. Which means those UEs are more sentitive to The QCL assumption about AOA and ASA. As a result, when the gNB transmits two antennas in adjacent beams, they might be satify the QCL criteria to a UE with wide beamforming capability but may not satify the QCL criteriato a UE with narrow beamforming capability. In an extreme case, UE with single omni-directional antenna will consider any beam to satisfy the QCL criteria in AOA and ASA as it makes no difference to the receiver. Or, UE with full digital beamforming receiver doesn’t need such spatial QCL properties at all since it will derive the MIMO receiver from the DMRS directly. 
[bookmark: _GoBack]Thus, it is needed to consider the beamforming capability at UE side when configuring the QCL assumption. A simple way is to introduce QCL training procedure where network can configure UE to measure and report the spatial QCL properties between antenna ports. Such training procedure can be part of the regular MIMO CSI acquisition. When UE report the CSI, it also report the observed QCL between RS ports, see [2]. Such report can help MU-MIMO pairing: network can pair UE with adjacent beam together if UE reports two beams satisfy the QCL criteria. 

Observation: Spatial domain QCL properties are highly depending on receiver beamforming capability 
Proposal 2: Support UE feedback on observed QCL properties between antenna ports. 

3. Conclusion
In this contribution, we give our view QCL definition with regarding the spatial properties. 
Proposal 1: Include angle of arrival (AOA) and angle spread of arrival (ASA) in QCL assumption. 
Observation: Spatial domain QCL properties are highly depending on receiver beamforming capability 
Proposal 2: Support UE feedback on observed QCL properties between antenna ports. 
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