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1 Introduction
In RAN#85 the following agreement was made with respect to quasi co-location (QCL) and measurement assumptions for antenna ports in NR [1]:

	Agreements:
· Study necessity of QCL and measurement assumptions for antenna ports in NR


In this contribution we provide our views on the new large-scale parameter that should be considered for QCL in NR to assist UE beamforming operation.
2 Overview of QCL in LTE
In LTE the antenna port is used for transmission of a physical channel or signal, where an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. In addition to support QCL of the antenna ports is defined as follows:
Two antenna ports are said to be quasi co-located (QCL) if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. 
The large-scale properties for LTE include one or more of
· Average delay
· Delay spread
· Doppler shift
· Doppler spread
· Average gain
The large-scale properties can be used to parametrize the channel estimator, compensate possible time and frequency errors when deriving CSI feedback or when performing demodulation. For example, if the QCL is established for the two antenna ports wrt to average delay and Doppler shift the average timing and frequency offsets estimated on one antenna ports can be reused or assumed the same for another antenna port that could greatly simplify UE implementation.
3 UE-side beamforming
For NR operating at high frequency bands, the use of massive antenna system becomes feasible not only at the TRP, but also at the UE. Typically the multiple antenna elements at the UE are virtualized to the smaller number TXRUs using adaptive analog beamforming. The selected analog beamforming at the UE depends on the selected beamforming at the TRP and, therefore, TRP/UE beamforming should be aligned when used for communication. The beam alignment in NR can be achieved by using beam training procedures. The UE beamforming can be estimated based on the measurement on antenna ports of the beam training reference signals (BT-RS) transmitted by TRP using different analog beamforming. Then the estimated optimal UE analog beam for the TRP analog beam may be re-used for the transmission of the NR physical channels. 
TRP beamforming strategy highly depends on the transmission scheme applied for the physical channel. For example:
· In transmit diversity mode different analog beams can be assigned on each antenna port of the physical channel to provide more robust transmission
· In extended-coverage mode the same analog beam can be assigned on each antenna port of the physical channel to provide increased beamforming gain
· In flexible beamforming mode arbitrary analog beams can be assigned on each antenna port of the physical channel to allow flexible TRP/beam switching
To facilitate the appropriate UE beamforming selection, matching to the selected TRP beamforming, some approach for TRP beamforming indication on the antenna ports should be considered in NR. 
Observation

· To assist analog UE beamforming in NR, indication of the analog TRP beamforming for antenna ports is required
4 QCL to support UE-side beamforming
From the large-scale 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 large-scale parameters of the channel corresponding to antenna ports
· Mean angle-of-arrival

· Angle of arrival spread

Then, the UE-side beamforming selection in NR can then be assisted by using new QCL assumption wrt to the 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 BT-RS resource should be established wrt to {mean angle-of-arrival, angle of arrival spread}.
· To prevent specific UE beamforming selection for reception of the physical channel 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}

The proposed approach of UE-side beamforming control can be also used in the multi-panel TRP scenario, where the channel transmitted on a given antenna port from different panels can’t be inferred even the same beamforming is used on the antenna panels. In such scenario the same beamforming can be indicated by establishing QCL assumption for antenna port wrt to large-scale channel properties of {average angle-of-arrival, angle of arrival spread}.
Summarizing discussion above the following proposals can be made:
Proposal:

· To assist UE-side beamforming in NR the following large-scale parameters of the channel corresponding to antenna port should be considered
· Mean angle-of-arrival

· Angle-of-arrival spread

· To convey the same beam information for the antenna ports, QCL should be established between the antenna ports of reference signal(s) wrt {average angle-of-arrival, angle of arrival spread} parameters
· To prevent the narrow beam beamforming at the UE with specific direction, the antenna ports of reference signal should not be QCL-ed wrt {average angle-of-arrival, angle of arrival spread} to any other antenna ports
Similar to LTE, the QCL assumptions wrt {average angle-of-arrival, angle of arrival spread} between antenna ports can be hard-coded in the specification or signaled by the TRP for reception of the corresponding antenna ports of the physical channel.
5 Summary

In this contribution we provide our views on the new large-scale parameter and QCL assumptions that should be introduced in NR to assist UE-side beamforming. The following proposals were made:

· To assist UE-side beamforming in NR the following large-scale parameters of the channel corresponding to antenna port should be considered
· Mean angle-of-arrival

· Angle-of-arrival spread

· To convey the same beam information for the antenna ports, QCL should be established between the antenna ports of reference signal(s) wrt {average angle-of-arrival, angle of arrival spread} parameters
· To prevent the narrow beam beamforming at the UE with specific direction, the antenna ports of reference signal should not be QCL-ed wrt {average angle-of-arrival, angle of arrival spread} to any other antenna ports
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