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Introduction
In RAN1 #88, several WFs [1-3] on QCL for NR were discussed.  Some agreements are as follows [4].
· 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

· By default (i.e., the UE is not indicated), antenna port(s) transmitted on different CCs can’t be assumed to be QCL-ed 
· FFS the case of spatial domain QCL assumptions especially related to carrier frequency

· 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)
In this contribution, we discuss details of spatial QCL parameters and indication of QCL assumption.
Discussion
Spatial QCL parameters 
In LTE, the concept of quasi-co-location (QCL) with respect to antenna ports was introduced in Rel-11 to support multi-point transmission.  It is defined in LTE that 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.  A UE can be configured with antenna port QCL assumptions via higher-layer signaling.  The assumption indicates that if the radio channels corresponding to two different antenna ports can be assumed to have similar large-scale properties, which can be used by the UE receiver, for example, in tuning parameters for channel estimation.  
In NR MIMO, up to 256 antennas may be supported.  Using beamformed antenna ports can significantly reduce the RS overhead and UE measurement overhead.  An antenna port may thus be formed by a large number of antenna elements and results in a much narrower beam than the DMRS ports in LTE.  It is well know that beamforming will change some large-scale properties of the channel, e.g., the delay spread and even the Doppler spread, etc.  This raises a questions that whether the antenna ports associated with different beamformed RS from the same TRP can still be assumed co-located?  The answer to this question is apparently no, at least for the aforementioned parameters.  In order to capture the impact of beamformed antenna ports on QCL, the large-scale properties of the channel may further include angular domain parameters.  
Observation 1: The definition of QCL shall consider the impact of transmit beamforming.
Essentially, the channels on antenna ports associated with different beams tend to have their own mean azimuth of departure (AoD), mean zenith of departure (ZoD), azimuth spread of depature (ASD), and zenith spread of depature (ZSD), as beamforming directions are related to different clusters.  It is reasonable to include mean AoD/ZoD and/or ASD/ZSD as large-scale properties of the channel on QCLed antenna ports.  In another word, the UE shall assume that if two set of antenna ports are QCLed, then the mean AoD/ZoD and/or ASD/ZSD estimated from one set of antenna ports can imply those of the other set of antenna ports.
Proposal 1: For antenna ports associated with different beamformed RS, the large-scale parameters of the channel on QCLed antenna ports shall include angular domain parameters at the departure, e.g., mean AoD/ZoD and/or ASD/ZSD.
For higher frequency, beamforming may also be applied at the receiver side.  Hence, if two antenna ports are QCLed, they shall not only assume the QCL of TX port, but also need to assume the QCL of RX ports.  As scatters at both the transmitter and the receiver sides jointly contribute to the channel properties.  As shown in Figure 1, the TX antenna ports in TX beams #1 and #2 can be assumed QCLed as they are illuminating the same TX side cluster.  However, the UE may use RX beam #1 for transmission using TX beam #1 while switch to RX beam #2 if TX beam #2 is selected at the TRP.  Then, the channel between the 1st pair of TX-RX beams may have different properties than that between the 2nd pair of TX/RX beams.  The TRP may have no knowledge of which RX beam will be used at the UE.  Then, assuming QCL of antenna ports purely from the TRP’s point-of-view may be insufficient. 
Observation 2: The definition of QCL shall consider the impact of receive beamforming.
Based on Observations 1 and 2, we observed that for higher frequencies, the definition of QCL antenna ports can be quite different from that in LTE.  When beamforming is used at both end of a link, the spatial property cannot be ignored when defining the QCL relationship between two antenna ports.  The spatial parameters at both TX and RX side need to be considered jointly.
Proposal 2: When RX beamforming is used, the large-scale parameters of the channel on QCLed antenna ports shall further include angular domain parameters at the arrival, e.g., mean AoA/ZoA and/or ASA/ZSA.
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Figure 1  QCLed TX-RX ports.
However, without UE feedback, it could be difficult for a gNB to decide whether two antenna ports can be assumed to be quasi co-located in terms of the UE side spatial property of the channel.  As only the UE knows if the same or different RX beams are used for receiving signals transmitted from those antenna ports.  To tackle this issue, one could allow the UE to indicate if antenna ports associated with two TX beams can be assumed to be QCLed from the receiver’s perspective.  For example, the same RX beam is selected for two TX beams, then the UE may indicate the TRP that this two TX beams can be assumed to be QCLed.
Proposal 3: Support signaling from UE to TRP to indicate that if two antenna ports can be assumed to be QCLed. 
Indication of QCL assumption
In LTE, five QCL parameters are defined, including delay spread, Doppler spread, Doppler shift, average gain, and average delay.  Antenna ports QCL is further specified with respect to different subset of those QCL parameters, depending the type of antenna ports, DL physical channels, and transmission modes.
As discussed in Section 2.1, in addition to the QCL parameters defined in LTE, spatial parameters also need to be included to characterize antenna ports QCL in NR.  Some of those parameters are needed when defining antenna ports QCL, depending on the RS types.  Similar to LTE, we can specify several different subsets of QCL parameters with each subset corresponding to a type of QCL assumptions.  For example, 6 typical QCL assumption types are defined in [5] for use cases.  The QCL parameters included for an QCL type depends on the type of antenna ports for which the QCL relationship is assumed.  The parameters associated with specific types of RSs can keep unchanged.  There’s no need to semi-statically or dynamically configure the subset of QCL parameters for given types of RSs.
Proposal 4: Predefine a list of QCL types.  Each QCL type is associated with a subset of QCL parameters and at least one pair of RS types. Each QCL type can be further associated with at least one physical DL channel and/or at least one transmission scheme.  A UE may assume the antenna ports are quasi co-located with respect to the parameters associated with the corresponding QCL type. 
Conclusions 
To summarize, we discussed some details of spatial QCL parameters and indication of QCL assumption.  Our observations are as follows.
Observation 1: The definition of QCL shall consider the impact of transmit beamforming.
Observation 2: The definition of QCL shall consider the impact of receive beamforming.
We propose:
Proposal 1: 	For antenna ports associated with different beamformed RS, the large-scale parameters of the channel on QCLed antenna ports shall include angular domain parameters at the departure, e.g., mean AoD/ZoD and/or ASD/ZSD.
Proposal 2:	 When RX beamforming is used, the large-scale parameters of the channel on QCLed antenna ports shall include angular domain parameters at the arrival, e.g., mean AoA/ZoA and/or ASA/ZSA.
Proposal 3: 	Support signaling from UE to TRP to indicate that if two antenna ports can be assumed to be QCLed. 
Proposal 4: 	Predefine a list of QCL types.  Each QCL type is associated with a subset of QCL parameters and at least one pair of RS types. Each QCL type can be further associated with at least one physical DL channel and/or at least one transmission scheme.  A UE may assume the antenna ports are quasi co-located with respect to the parameters associated with the corresponding QCL type. 
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