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Introduction
In the last two meetings, the following agreements on QCL have been reached [1][2]:
 (
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.)
For DM-RS antenna ports, NR supports:
All ports are QCL-
ed
Not all ports are QCL-
ed
FFS on details
FFS, e.g.:
QCL between antenna ports transmitted on different CCs
QCL between CSI-RS antenna ports within one CSI-RS resource
All ports are QCL-
ed
Not all ports are QCL-
ed
QCL between CSI-RS antenna ports within two or more CSI-RS resources
All ports are QCL-
ed
Not all ports are QCL-
ed
QCL of a DM-RS antenna port with 
other 
RS 
types
QCL considering channel reciprocity
Flexible configuration/indication of the QCL assumption should be studied in NR:
Possible grouping  of the QCL parameters should be studied: 
e.g., average gain, average delay
e.g., angle of arrival/ departure, delay spread, Doppler spread
Study 
the need of supporting
 UE feedback 
and contents if needed 
to assist QCL association between reference signal resources/ports with respect to UE spatial QCL parameter(s) to support UE side beamforming/receiving procedure
Companies are encouraged to provide details of beamforming/receiving procedures and evaluate performance in terms of at least following metrics:  
RS overhead 
Overhead of UE feedback
Spectral efficiency
A
gree as 
w
orking 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.
)
Based on the agreements listed above, we present our consideration on potential extensions of QCL assumptions in DL of NR.
Background
The framework of quasi co-location was introduced in LTE to facilitate channel estimation, CSI reporting and demodulation operations with coordinated multiple points. In legacy LTE system, two antenna ports are said to be quasi co-located 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 include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. Two types of QCL behavior are defined between DMRS, CSI-RS and CRS. Furthermore, higher layer configuration and dynamic signaling are involved in QCL indication. 
For system deployed in frequency band lower than 6GHz, usually omni-direction antenna elements can be assumed at UE side. Therefore, consistency of large-scale channel characteristics from different Tx antenna ports are determined mainly by their relative location. That is, the quasi co-location between two antenna ports can be deduced at transmitter side solely. 
To meet more challenging performance requirements, frequency band up to 100GHz is considered as a key enabler to NR system. However, non-ideal propagation conditions, including path loss, penetration loss, blockage, etc., may raise severe problems in system coverage and data transmission/reception. With potentially huge array gain, transmission based on large-scale antenna system is thought to be especially essential in NR for above 6GHz bands to form narrower beams and concentrate the transmission in far more restricted directions to compensate the imperfect channel characteristics. For the same reason, antenna array and beam based reception at UE side is also desirable.  
In such case, with much narrower beams, as distinct reflection, refraction, scatter, and blockage are experienced for signals in different clusters covered by diverse Tx-Rx beam pairs, from UE’s perspective, even the antenna ports from the same TRP are not necessarily to be quasi co-located with respect to the above mentioned large-scale parameters. Furthermore, CRS-like always on reference signals are expected to be avoided to the maximum extent in NR, QCL assumptions tied to CRS in LTE is no longer suitable.  Therefore, the existing QCL framework need to be improved or extended in NR.
During the past meetings, discussion on QCL has been focused on issues including spatial QCL parameter(s), QCL relationship between different RS ports, QCL assumptions regarding the same type of RS on different resources, as well as possible grouping of QCL parameters. 
In the rest parts of this contribution, we will discuss the remaining issues left open for QCL in NR in more details and present our consideration on QCL framework extension.
Discussion on QCL for NR
As described above, with large-scale antenna arrays at both transmitter and receiver side, the large-scale properties of channel seen from different ports depend not only on the geographic location of transmitter but also on the beamforming operations at both ends of the radio link. Therefore, its well accepted in RAN1 to introduce QCL parameters regarding spatial characteristics of antenna ports. 
Potential extensions of spatial QCL parameters to support UE side beamforming/receiving procedure have been discussed in the past few meetings. Receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc. are candidate parameters for describing spatial QCL of antenna ports. 
· QCL wrt receive angle of arrival
Mean AOA and AOA spread could be estimated at UE side, based on which the preference on selection and grouping of CSI-RS ports can be reported to the network. Then, with QCL indications of CSI-RS port(s) and RS port(s) for physical channel transmission, appropriate beamforming can be performed in DL reception. One potential problem with this approach is the estimation of mean AOA,  especially in rich scattering environment. 
· QCL wrt transmit angle of departure
Large-scale properties of channel are determined by beams at both transmitter and receiver sides. As elaborated in [3], even for two transmit beams with slightly different angles of departure, the random reflections/scatterings in the propagation path could result in totally different choices for Rx beams. And then, the ports in the two beam pairs cannot be assumed to be QCL. Another related question is, can it be assumed that the ports transmitted with exactly the same Tx beamforming but from two panels are QCL to each other? The answer seems to be open without knowing the undergoing channel seen by the receive antenna array. That is, QCL may not be assumed based solely on the knowledge from Tx side.
· QCL wrt spatial correlation of receiver antennas
Similar to adding QCL parameter(s) with respect to receive angle of arrival, introducing spatial correlation of receiver antennas as spatial parameter for QCL serves as an intuitional way to capture the spatial channel properties of the RS antenna ports observed at the receiver. Ideally, compared with AOA based description, spatial correlation of receiver antennas gives more insight into the spatial characteristics of the propagation environment. However, with analog or hybrid beamforming, availability of accurate receive side channel correlation estimation at element level is questionable.  
· QCL wrt Rx and Tx beamforming
As one of the reasons to introducing spatial QCL parameter(s), beam management is of great importance in hybrid beamforming based large-scale antenna system. Therefore, defining QCL wrt Rx/Tx beamforming directly seems to be a straightforward way of extending QCL framework for NR. To this end, the Tx beam(s) selection and grouping in beam training and tracking procedures could be reported to the network. The RS ports transmitted in Tx beams corresponding to the same group can be assumed to be QCL-ed with respect to Rx beamforming. However, it’s still insufficient to assume that they’re QCL-ed within the same Tx beam group with respect to delay and Doppler parameters from channel estimation and demodulation perspective. To illustrate this, an example is shown in Fig.1. 
[bookmark: OLE_LINK1]It’s noted that, due to less accurate beamforming at DL Rx side, two Tx beams corresponding to different clusters, and thus possess different channel properties regarding Doppler spread, Doppler shift, average delay, delay spread, are within the same Tx beam group. Consequently, these antenna ports cannot be assumed to have the same large-scale parameters in channel estimation and demodulation. 
In such case, QCL relationship wrt Tx beamforming should also be indicated at least for channel estimation and demodulation purposes. Therefore, QCL parameters could be grouped according to the functionalities, e.g., beam management, channel estimation, demodulation, phase tracking, RRM measurement, and so forth. 
[image: ]
Figure 1. QCL wrt Rx beamforming
Conclusions
In this contribution, we discussed the extension of spatial QCL parameter(s) for DL of NR. Based on the discussion above, we  propose:
[bookmark: _GoBack] Proposal 1: QCL parameters could be grouped according to the functionalities, e.g., beam management, channel estimation, demodulation, phase tracking, RRM measurement, and so forth.
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