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1 Introduction
In RAN#86bis, it was agreed to extend the QCL parameters with spatial parameters to support UE-side beamforming [1]:

	Agreements:
· QCL framework in NR is extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure

· FFS details (e.g., receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)

· 


In this contribution we provide our views regarding the new QCL parameters definition.
2 QCL parameters to support UE-side beamforming
QCL parameters defined in LTE (e.g. average channel gain, average Delay, delay spread, Doppler shift and Doppler spread) corresponds to the received channel properties, and, therefore, include the parameter of the transmitted signals as well as propagation environment. Due to prorogation, the transmitted signal parameters alone are not sufficient for the UE to perform efficient reception of the physical channels and reference signals. For example, the TRPs can be perfectly synchronized from the transmitter perspective, however, due to prorogation delay difference from the TRPS, the received signals timing at the UE may not be perfectly aligned, questioning the principle of characterizing the channel for QCL from the transmitter perspective. In this case, the established approach of characterizing the channel from the receiver perspective should be also extended to the received spatial properties of the channel.
Proposal:

· Similar to other QCL parameters, the new spatial QCL parameter(s) in NR should characterize the received spatial channel properties
From the received channel properties, the TRP beam forming mainly change the angle-of-arrivals statistics of the channel at the UE. Figure 1 illustrates the examples of angle-of-arrivals of the channel at the UE that may change depending on the TRP beamforming.
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Figure 1: Illustration of TRP beamforming impact on angular channel properties
It can be seen that the specific beamforming applied to TRP can be characterized by the following spatial parameters of the channel which can be used as new spatial QCL parameters
· Mean angle-of-arrival

· Angle of arrival spread

We note that the naming conventions for the proposed spatial QCL parameter is following LTE approach, where both frequency and time domain channel properties are characterized by two parameters corresponding to average value and its standard deviation, i.e. {average Delay, delay spread} or {Doppler shift, Doppler spread}. 

Proposal:
· Similarly to time and frequency channel properties, spatial channel properties in NR should be  characterized by two parameters

· Mean angle-of-arrival

· Angle of arrival spread

The UE-side beamforming selection in NR can then be assisted by using QCL assumption wrt to the new spatial parameters above. For example:
· To convey information about specific TRP beamforming applied on the antenna ports of the physical channel the QCL assumption with antenna port of beam reference signal should be established wrt to {mean angle-of-arrival, angle of arrival spread}.
· To prevent specific narrow beam UE beamforming selection for reception of the physical channel (e.g. for fallback mode operation) no QCL wrt {average angle-of-arrival, angle of arrival spread} should be established with antenna ports of any other reference signals.
· If the physical channel should be received using single beamforming, all antenna ports of the physical channel should be assumed as QCL wrt {average angle-of-arrival, angle of arrival spread}

· If the antenna ports of the physical channel should be received using different beamforming (e.g. to support non coherent JT), the antenna ports of the physical channel should not be QCL-ed and the QCL with beam training reference signals should be established per each antenna port

From the examples above it can be seen that both parameters are used for the QCL. This is similar to time and frequency domain channel properties in LTE, where both parameters ({average Delay, delay spread} or {Doppler shift, Doppler spread}) are always used to establish QCL between antenna ports. It is, however, noted that there may be use cases where only one new parameter can be used for QCL, e.g. for beam management using beams with different beamwidth. However, the use cases depends on the details of the beam management procedure that needs to be decide first and therefore not discussed in this paper.
3 Summary

In this contribution we provide our views regarding the new QCL parameters definition. The following proposals were made:

· Similar to other QCL parameters, the new spatial QCL parameter(s) in NR should characterize the received spatial channel properties
· Similarly to time and frequency channel properties, spatial channel properties in NR should be  characterized by two parameters

· Mean angle-of-arrival

· Angle of arrival spread
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